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New flephem compounds and processes for preparation thereof. 

© New cephem compounds of the formula: 8n d their preparation and to processes for preparing the 

starting compounds 




wherein R 1 is phosphono or protected phosphono; 
R 2 is lower aliphatic hydrocarbon group; 
R 3 Is pyridinio or pyridiniothio, each of which may 
(\J have suitable eubstituent(s), and 

^ Y is N or CH; 

and pharmaceutical^ acceptable saltsthereof, processes for 
pr) their preparation and pharmaceutical compostions compri- 
\fi sing them in association with a pharmaceutical^ acceptable, 
|fl substantially non-toxic carrier or excipient. The invention 

also relates to the starting compounds 

§ R 1. N „_^~1_C-C00H 
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NEW CEPHEM COMPOUNDS AND PROCESSES 
FOR PREPARATION THEREOF 

The present, invention relates to new cephem 
compounds and pharmaceutical^ acceptable salts thereof. 
More particularly, it relates to. new cephem compounds 
and pharmaceutical^ acceptable salts thereof, which 
have antimicrobial activities and to processes for 
preparation, thereof, to pharmaceutical composition 
comprising the same, and to a method of using the same 
therapeutically in the treatment of infectious diseases 
in human being and animals . 

Accordingly, it is one object of the present 
invention to provide new cephem compounds and pharma- 
ceutical^ acceptable sa-lts thereof, which are active 
against a number of pathogenic microorganisms. 

Another object of the present invention is to 
provide processes for the preparation of new cephem 
compounds .and pharmaceutical^ acceptable salts thereof. 
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A further object of the" present invention is to 
provide pharmaceutical composition comprising, as . • 
active ingredients , -said new cephem compounds and 
pharmaceutical!? acceptable salts thereof. 

Still further object of the present invention is 
to provide a method for the treatment of infectious 
diseases caused by pathogenic bacteria in human being 
and animals • 

The object new cephem compounds are novel and 
can be represented by the following general formula 

CD- .' 




3 (I) 



COO 



wherein R is phosphono or protected phosphono; 

is lower* aliphatic hydrocarbon group;- 
. *R 2 is pyridinio or pyridiniothio , each of which . 
may have suitable substituent (s) , and 
Y is N or CH. • 



According* to the present invention, the new nephem 
compounds (I.) can. be prepared by processes which 
are illustrated, ia the following scheme. 
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Process 1 



coo® 

.C") CHI) 



0R coo© 



CI) 

or a. salt thereof 



Process 2 



S ? ,. 0^ N> f^if2 K protective group of 
0R . COO •■ P hos P h °no 



(la) 

or a salt, thereof 
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o rZ coo© 



Clb) 

o.r a salt thereof 

Process 3 



OR C00 O 
• (Id) • 

. or a salt thereof 



OR 



(Ie) 

or a salt thereof 



,1a t, 



wherein »l f R 2 , R 3 and Y are each as defined above, R is : 
protected phosphono, R 1 * is phosphono, R 7 is amino, or lower 
alkoxy and. R* is- amino, or morpholino. 



Among the starting compounds o£ the present 
invention, the compound is novel and can be 

prepared by the following methods. 
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Preparation i 



^ N "0~f " C ° 0H eSterificati0 ^ Hjl^TVj-COOR 



i 2 
OR* 



R' 



CIV] 

or its reactive derivative 
at the carboxy group 
or a salt thereof 



00 

or a salt thereof 



i?! TO ? UCtion - o£ Introduction of 

phosphono or phosphono or 

STSSS* Ph0Sph0a ° • PJ^ct^-p°Josphcno 

** w on ammo 



■COOH 



if 



U 1 



deesteri- 
r fication 



I 



5 



* 2 
OR 



or its reactive deri- 
vative at the carboxy 
group or a salt thereof- 



CVI) 



(to be continued to the next page) 
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Preparation 2 



10 



15 



H 2 n^l lr-C-C00R 5 ^ R lc -NH -£ lr-C-C00R 5 



i 2 > 2 

(V) . • ' . (Via) 

or a salt thereof 



dees terifi cation 



II K • S^ll 

N N 
OR OR 21 

(VIb) " (Ha) ; 

or a salt thereof 

12 - 5 

wherein R f R and Y are each as defined above, R is an ester 

moiety of an esterified carboxy represented by. a group of the 

^° formula: -COOR^, R^* C is dihalophosphoryl and R^ is protected 

phosphono other than dihalophosphoryl. 



25 Further, the compound (III) can be prepared by the 

following methods * 
Preparation 

30 " "'P 5 ^ ^ *>P^$«\ 



C00H CD0 
(VII) (EQ 
or a salt thereof or a* salt thereof 



35 
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pyridine which may have- • 
suitable substituent (s) 

TO H „ .s. 

°t a salt th ereof . 2~T7 ^ 



. COO® 

• J 

CHIa) " 
or a salt thereof 

(2) H 2 tf-|— ■ saltofHSCN" utf-_Av 



C00H 

(VII) 
or a salt thereof 
pyridine which may have suitable 
substituent (a) 

(X) 

H 

or a salt thereof ' • 2 J J 3 a 

H 



COOS 
(XII) 
ot a. salt thereof 



TT L 

' COO 0 



(Ilia) 
or a. salt thereof 



(to be continued to the next page) 
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wheTein Z ,is an acid residue, R 6 is lower alkyl and R 3a is 
pyridinio which may have suitable substituent (s) . 

Regarding the object compounds (ID i (la), CTb) , (Id) and (Ie) 
and starting compounds (II) ,.(Ila)-, (IV) , tv) , tVI)/$via)Wd1VIb),it is 
to be understood that said object and starting compounds 
include syn isomer, anti isomer and a mixture thereof. 
For example, with regard to. the object compound CI) > syn 
isomer means one geometrical, isomer having the partial 
structure represented by the following formula: 



IS Cwiierei-n R L ,L "R 2 and Y are each as defined above) and anti 
isomer means- the other geometrical isomer having the 
partial structure represented by the following formula: 



*r 1 

R -O-N 



(wheTein R 1 , R 2 " and Y are each as defined above). 

Regarding the other compounds as mentioned above, 
25 ' the syn isomer and the anti isomer can also be referred 
to the same geometrical isomers as illustrated for 
the compound CI) « 



Further, as- to the object compounds (I) and (1^) , 
in case that R 1 of the compound (I) is phosphono [i.e. 
the same as the compound CI D )3»- saii compounds* "(I b ) may 
also be alternatively represented by the formula: 



35 



9 " 



0099553 




wherein R , R 3 and Y are each as defined above , and both 
of the compounds j[I b ) and (I c ) are included within the 
scope of the present invention. 

In the present specification and claims, both of the 
compounds CI b ) and (I c ) are represented by using one of 
the expressions therefor, that is' by the formula: 




(lb) 



only for the convenient sake. 



Suitable, pharmaceutically acceptable salts of the 
object compounds (I) aTe conventional non-toxic salt 
and include a metal salt such as an. alkali metal salt 
(e.g. sodium salt, potassium salt, etc.) and an 
alkaline earth metal salt (e.g. calcium, salt, magnesium 
salt, etc.), an ammonium salt,, an organic, base salt 
(e,g. trimethylamine salt,, triethylamine salt,, pyridine 
salt, picoline salt,, dicyclohexylamine salt, N,N'- 
dibenzylethylenediamine salt, etc.), and the like. 

In the above and subsequent descriptions of the 
present specification,, suitable examples and illustra- 
tions of. the various definitions which the present 
invention.* include within, the scope thereof are explained 
in. details as follows. 

The. term "lower" is intended to mean 1 to 6 carbon 
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atoms, .unless otherwise indicated* 

Suitable "protected phosphano" may include 
dihalophosphoryl {e.g., dichlofophosphoryi, etc,) 7 *' * 
mcno- or di-esrerif ied phosphonb . such as di-( lower) alkoxy- 
phosphoryKe.g. dimethoxyphosphoryl, diet±ioxyphosphoryl, 
dipropoxyphosphoryl, etc.) , 0-lower alkyl phosphonb (e.g. 
O- methy lphosphono , O-ethylphosphono, etc,) or the like*? 
mono- or di-amidated phosphono [e.g. diaminophcspbory 1 r 

(amino) (hydroxy) phosphoryl, etc.] 7 aono-esterified mono- 
amidated phosphonb such as (lower alkoicy) (amino) phosphoryl 

[e.g. (methoxy) (amino) phosphoryl, (ethbxy ) (amino) phosphoryl, 
etc,]; (lower alkoxy) (morpholino) phosphoryl [e.g. (methoxy) 

(morpholino ) phosphoryl , (ethoxy ) (morpholino) phosphoryl, 
etc.] or the like I and the like. 

Suitable lower aliphatic hydrocarbon group may 
'include lower alkyl, lower, alkenyl, lower .alkynyl .and 
the like*. . • 

Suitable "lower alkyl" is one having 1 to 6 carbon 
atom(s) and- may include? methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, tert^butyV pentyl, tert-pentyl, hexyl 
and the like, and.. preferably one having 1 to 4 carbon 
arom(s) • 

Suitable "lower alkenyl" is: one having 2 to 6 
carbon atoms and- may include: vinyl, .allyl, isbpropenyl, 

1- propenyl, ■ Z-butenyl, 3-pentenyl and the like, and 
-preferably one havings 2 to- 4 carbon atoms «► 

Suitable "lower alkynyl" is one having 2 to 6 
carbon atoms- and may include erhynyl, 2-propynyl, 

2- butynyl, 3-pentynyl',' J-hexynyl and- the like, -and 
preferably one having- 2 to~ 4 carbon atoms- 

Suitable "substituent (s) " . on "pyridinio" or "pyridi- 
niothio* may include lower alkyl r halogen, lower alkoxy 
and the like. 
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Suitable "Halogen" may be -chlorine, bromine, iodine 
or fluorine. 

Suitable "lower alkoxy" is one having 1 to 6 carbon • 
atom(s) and may include methoxy, ethoxy, propoxy,. 
isopropoxy, butoxy, t-butoxy,- pentyloxy, hexyloxy' and: . 
the like, and preferably one having l to 4 carhon atom(s). 

• ' , * • . 

Suitable ester moiety of an esterified. carboxy ' 
represented by a. group of the formula:. -C00R 3 may be 
the ones such as lower alkyl ester (e,g. methyl ester, 
ethyl ester, propyl ester,, isopropyl ester,, butyl ester 
t-butyl ester, pentyl ester, t-pentyl ester, hexyl ester 
etc.) ... ; 

lower alkenyl ester (e.g. vinyl ester, allyi ester 
IS etc.) ;• lower alkynyl ester (e.g.. ethynyl ester, 

propynyl ester, etc); mono (or di or tri) -haloClower) -. 
alkyl ester ,(e.g^ Z-iddoethyl ester, .Z,2,Z- " • 

trichloroethyl. ester,, etc.); ' 

ar(lower) alkyl ester, for .example, phenyl (lower) alkyl 
20." • ester which may be substituted with, one or more 

suitable substituenrCs.) (e.g-. benzyl, ester, 4-methcry- 
benzyl ester, 4-nitrobenzyl ester, phenethyl ester 
trityl ester, diphenylmethyl. ester, bis (methoxyphenyl) - 
methyl ester, 3,4-dimethoxybenzyl ester, ■ 4-hydroxy-3 S- 
2S ditertiarybutylbearyl ester, etc.); or the- like. 

. Suitable "acid' residue" may "include, acyloxy, halogen 
as mentioned above, azido and the like -•' 

Suitable "acyloxy-may include lower alkanoyloxr 
30 having 1 to 6 carbon atom(s) (e.g. formyloxy, *cetoxy 

propionyloxy, etc.) and the like, and preferably one ' . 
having 1 to 3 carbon, atom(s) . 

Suitable "salt, of HSOT may include an. alkali metal 
• salt (e.g. sodium, salt, potassium salt, etc.) salt 
35 with.- a heavy metal (e.g. cuprous salt, lead salt etc ) 
ammonium, salt, and. the like. 
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ii " J* 

Suitable dihalophosphoryl and protected phosphono other 

than dihalophosphoryl can be referred to the ones as 

exemplified for " protected phosphono". 



10 



15 



Preferred embodiments of the object compound (I) 
are as follows. 

Preferred embodiment of R^" is phosphono, di ( lower ) alkoxy- 
phosphoryl, 0-lower alkyl phosphono, diaminophosphoryl , 
(amino) (hydroxy) phosphoryl or (lower alkoxy) (morpholino) - 
phosphoryl;. 



R is lower alkyl ot lower alkenyl; * 
R is a group of the f oxmulat-N/jT 
X is hydrogen, halogen /or lower alkoxy, or a group 
of the formula; 
ani Y'is N or CH. 



(to be continued to the next page) 



wherein* 



wherein R is lower alkyl; 
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The processes for preparing the object compound (I) 
are explained in details in the fallowing. 
Process 1 

The object compound. (I) or a salt thereof can be 
prepared by reacting the compound (II) or its reactive 
derivative at the "carboxy group or a salt thereof with 
the compound (III) or its Teactive derivative at the • 
amino group or a salt thereof. 

Suitable reactive derivative at the amino group 
of the compound (III) may include conventional reactive 
derivative used in amidation, for example, Schiff's 
base type imino or its tautomeric famine type isomer 
formed by the reaction of the compound (III) with a 
carbonyl compound; a silyl derivative formed by the 
reaction Of the compound .(III) with a silyl compound 
such as his(trimethylsilyl)acetamide, -trimethylsilyl- 
acetamide or -the like; a- derivative formed by reaction 
of the -compound (III) .with phosphorus trichloride or 
phosgene, and. the like. 

Suitable salt of the compound (III) ma y include 
an acid addition salt such as an organic acid salt ' 
(e.g. acetate, maleate, tartrate, benzenesulf onate, 
toluenesulf onate , etc.) or an inorganic acid salt ' 
(e.g. hydrochloride, hydrobromide , sulfate, phosphate ' 
etc.); 

a metal salt (e.g. sodium salt,, potassium salt, calcium' 
salt, magnesium salt, etc.); ammonium salt; .an organic 
amine salt (e.g.. trie thy 1 amine salt, di eye lohexyl amine 
salt, etc.), and the like.. 

Suitable reactive derivative at the carboxy 
gToup of the. compound (II) may include an acid halide, 
an acid anhydride,, an activated amide, an activated 
ester, and the like. The suitable example may be an 
acid chloride; an acid azide; a mixed acid anhydride 
with an acid, such as substituted phosphoric, acid 
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(ie.g. dialkylphosphoric acid, phenylphosphoric acid, 
diphenylphosphoric acid, dibenzylphosphcrric acid, 
halogena ted phosphoric acid, etc.), dialkylphosphorous 
acid, sulfurous acid, thiosulfuric acid, sulfuric acid, 
alkylcarbonic acid, aliphatic carboxylic acid 
(e.g. fcivalic acid, pentanoic acid, isopsntanoic acid, 

2-ethylbutyric acid, acetic acid or trichloro- 
acetic acid, etc.), .alkanesulfonic acid (e.g. 
methanesulfpnic acid, ethanesulfonic acid, prbpane.- 
sulfonic acid, etc.) or aromatic carboxylic acid 
(e.g. benzoic acid, etc.) ; a symmetrical acid anhydride; 
an activated amide with imidazole, dime thylpyrazole, 
triazole or tetrazole;' or an activated ester (e.g. 
cyanomethyl ester, methoxymethyl ester/ dimethylimino- 
methyl [(CH 3 ) 2 N * CH-] ester, vinyl ester, propaTgyl . 
ester, p-nitr ©phenyl ester, 2,4-dinitfophenyl ester, 
-fcrichlorophenyl esteT* pentachloTopheiiyl ester, mesyl 
phenyl ester, phenyl azophenyl ester, phenyl thioester, 
p-nitrophenyl thioester, p-cresyl thioester, carboxy- 
methyl thioester, pyranyl ester, pyridyl ester, 
piperidyl ester, 8-quinolyl thioester, or an ester with 
N,N-dimethylhydroxylamine, 1-hydroxy- 2- (1H) -pyxidone , 
N-hydroxysuccinimide, N-hydroxyphthalimide ot 1-hydroxy- 
6-chloro-lH-benzotriazole,. and the like. These 
reactive derivatives can be optionally selected from 
them, according to the kind of the compound (II] to be 
used- - 

The salts of the compound (II) may be salts with 
an inoTganic base such as an alkali metal salts (e.g. 
sodium or potassium salt), or an alkaline earth metal 
salt (e.g.. calcium or magnesium salt) , a salt with 
an organic base such as tr ime thy 1 amine, triethylamine, 
pyridine , or the like. 

The. reaction is usually carried out in a 
conventional solvent such as- water, acetone, dioxane, 
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acetonitrile, chloroform, methylene chloride, ethylene 
. chloride, tetrahydrofuran, ethyl acetate, N,N-dimethyl- 
formamide, N,N-dimethylacetamide, pyridine or any 
other organic solvent which does not adversely influence 
to the reaction. Among these solvents, hydrophilic 
solvents may be used in a. mixture with water 

When the compound C II) is used in free- acid form' 
or ats salt form to the reaction, the reaction is 
preferably carried out in the presence of a conventional 
. condensing agent such as N.N-dicyclohexylcarbodiimide; 
N-cyclohexyl-N' -morpholinoethylcarbodiimide; N-cyclo- 
hexyl-M'.-(4.diethylaminocyclohe 3 cyl)carbodiimide- N N- 
diethylcarbodiimide; N,N-diisopropylcarbodiimide; N- 
ethyl-N'.(3-dimethylaminopropyl)carbodiimide- N N- 
carbonylbis (2-methylimidazole) ; penta^ethylene-ketene- " 
N-cyclohexylimine ; diphenylietene-N-cyclohexylimine • 
ethoxyacetylene; ethyl polyphosphate; isopropyl poly- ' 
phosphate; diethyl phosphorochloridite; phosphorus - 
oxychloride; phosphorus trichloride; phosphorus 
pentachloride; thionyl. chloride; oxalyl chloride- 
triphenylphosphine; N-ethyl-7-hydroxybenzisoxazoUum " 
fluoroborate; N-ethyl-S-phenylisoxazolium-?. -sulfonate ; 

so-called Vilsmeier reagent,. for example (chloromethylene) 
dimethylammonium chloride produced by the reaction of 
dxmethylfomamide with thionyl chloride or phosgene 
a compound produced by the reaction of dimethylformamide 
wxth. phosphorus oxychloride, etc.; or the like. 

The reaction may be also carried out in the 
presence of an inorganic or an organic base such as an 
alkali metal hydroxide, an. alkali' metal bicarbonate, 
alkali metal carbonate, alkali metal acetate, tri (lower) - 
alkylamine, pyridine, N-UowerDalkylmorpholiae, Hf N-di- 
ClowerHlkylbenzylamine, N,N-di (lower) alkylaniline as 
exemplified below, or the . like. When the base or the 
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condensing agent is in liquid, it can be used also as 
a solvent. The reaction temperature is not critical, 
and; the reaction is usually carried out under cooling 
OT at ambient temperature. 

In the present reaction, a syn-isomeT of the 
object compound (I) can be obtained preferably by con-, 
ducting the reaction of the compound (III} with a syn 
isomer of the starting compound (II) , and "protected 
phosphbno group" for R 1 , especially dihalophosphoryl, 
of the compound (II) may be converted into "phbsphono" 
during the reaction ot post- treatment of the reaction 
to give the compound (I) wherein R^ is phosphono, which 
is also included within the scope of the present reaction. 

Process 2 

The compound (lb) or a salt thereof can be pre- 
pared by subjecting the compound (la) or a salt thereof 
to elimination reaction of protective group of phbsphono. 

Suitable salt of the compound (I-a) or (lb) may be 
the ones as exemplified for the compound (I). * 

This elimination reaction can be conducted, for 
example, by reacting a compound (la) or a salt thereof 
with a trialkylsilyl halide (e.g. trimethylsilyl bromide, 
trimethylsilyl iodide, trimethylsilyl chloride, etc.), 
alkali metal halide (e.g. sodium iodide, potassium 
iodide,, sodium bromide, etc.),' alkali metal thiocyanate 
(e.g.. sodium thiocyanate, potassium thiocyanate, etc,)* 
or the like. 

The reaction is preferably carried out in a 
solvent such as methylene chloride, dime thy 1 ace t amide 
or any other organic ones which do not adversely influence 
the reaction- The reaction temperature is not critical 
and the reaction, is usually carried out under relatively 
mild conditions such as under cooling, at ambient tem- 
perature or slightly elevated temperature. 
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Process 3 

The compound (le) or a salt' thereof can be prepared by 
subjecting the compound (Id) or a salt thereof to hydrolysis. 

The present hydrolysis reaction may include a method using 
an acid and the like. 

Suitable acid may include an organic or an 
inorganic acid, for example, " formic acid, sulfuric acid, 
trifluoToacetic acid, benzenesulfonic acid, nitric acid,' 
p-toluenesulfonic acid, hydrochloric acid and the 
like, and preferable acid is, for example formic acid, 
trifluoroacetic acid, hydrochloric acid, etc. . The 
acid suitable for the reaction can be selected according ' 
to the kind of group to be hydrolyzed. 

The present reaction can be carried out. in. the presence or 
absence of a solvent. Suitable solvent may include 
a conventional organic solvent, water/or a mixture 
thereof. When trifluoroacetic acid is used, the 
elimination reaction may preferably be carried out 
in. the presence of anisole. 

( to be continued to the next page) 
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The preparations for preparing the starting 
compound (II) are explained in detail in the following. 

Preparation A 

The compound (V) ot a salt thereof can be prepared 
by subjecting the compound (IV) or its reactive 
derivative at the carboxy gToup or a salt thereof to 
esterif ication . 

Suitable salt of the compound (IV) can be referred 
to the ones as exemplified for the compound (III), and 
salt of the compound (V) may include acid addition salt 
as exemplified, for the compound (III), 

Suitable reactive derivative at the carboxy group 
of the compound (IV) can be fefeired to the ones as 
exemplified fox jthe compound (II). 

The esterifying agent to be used in the present 
esterif ication reaction, may include the compound re- 
presented by the formula; 

(R 5 ) 2 S0 4 , R Sa -N 2 or R S -X 

5 5a 
wherein R is as defined above, R is a gToup in which 

a hydrogen is eliminated from R 5 and X is hydroxy or 
halogen- 
Suitable halogen may include chlorine, bromine, 
iodine or fluorine - 

The reaction using the esterifying agent represented 
by the formula: (R^) 2 S0^ or R S -X is usually carried out 
in a solvent such as water, acetone, methylene chloride, 
ethanol, ether, dimethylf ormamide or any other solvent 
which does not adversely influence the reaction. 

The present reaction is preferably carried out in 
the presence of a. base such as an inorganic base ot an 
organic base as aforementioned. 

The reaction remperature is not critical and the 
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reaction is usually carried out under cooling to 
heating around boiling point of the solvent. 

The reaction using the esteTifying agent represented 
by the formula: R 5a -N 2 is usually carried out in a 
5 solvent such as ether, tetrahydxofuTan or the like. 

The -reaction temperature is not critical and the . 
- reaction is usually carried out under cooling or at 
ambient temperature. 

10 Preparation's, g arid: D 

The compound (VI) or tlie compound (II) or its 
reactive derivative at. the" carboxy group or a salt thereof 
. can be prepared by subjecting the compound (V) or a salt 
thereof or the compound (IV) or its reactive derivative 
IS at the caTboxy group or a salt thereof to introduction 
reaction of phosphono or- protected phosphono on amino, 
respectively. 

Suitable reactive derivative at the carboxy group 
of the compound (IV) can be referred to the ones as 
20 ; exemplified for the compound (II) . 

Suitable agent to be. used in the present introduction 
reaction'may include phosphorus halide (e.g. phosphorus 
trichloride, phosphorus pentachloride , etc.), phosphorus 
oxychloride and the like. 
25 The present reaction is usually caTTied out in a 

solvent such as alkylene halide (e.g. methylene chloride, 
ethylene chloride, etc.), toluene or the like. 

The reaction temperature is not critical and the 
reaction is usually carried out under cooling, at 
ambient: temperature or under warming. 

In the present reaction, the reaction mixture 
obtained by Teactdng the compound (IV) or (V) with the 
agent as above (e.g. phosphorus halide, etc.) wherein 
R may be- dihalophosphoryl may be further treated with 
35 water to give the compound (II) or (VI) wherein R 1 is 
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phosphon© 1 , and "die same reaction mixture may be further 
treated with alcohol such as alkanol (e.g. methanol, 
ethanol, etc) or the like to give the compound (II) or 
(VI) wherein R 1 is esterified phosphono. 0£ course, the 
reaction product oi the compound (II) or (VI) wherein 
r 1 is dxhalophosphoryl can be obtained from the reaction 
mixture as stated above by a conventional isolation 
method and it can be used in the next step reaction. 
The present reaction includes, within its scope, 
the case that the carboxy gTOUp of the compound (IV) 
is converted into its reactive derivative during the 
reaction* 

Preparation C 

The compound (II) or a salt -thereof can be prepared " 
by subjecting the compound (VI) to deesterification 

reaction* * 

Suitable salt of the compound (II) can be referred 
to the ones as exemplified f or the compound (I). 

The present reaction is* carried out in accordance 
with a conventional method such as hydrolysis, reduction 
or the .like. Hydrolysis is preferably carried out in the 
presence of a base or an acid_ Suitable base may include 
an inorganic base and an OTganic base such as an alkali 
metal (e.g. sodium, potassium, etc.) , an alkaline earth 
metal (e.g. magnesium, calcium etc.), the hydroxide or 
carbonate or bicarbonate thereof, trialkylamine (e.g. 
tr ime thy 1 amine, triethylamine, etc.), picbline, 1,5- 
diazabicyclo[4,370]non-5-ene, 1,4-diazabicyclo [2,2,2] - 
octane, l,8-diazabicyclo[5,4,0]undecene-7, or the like. 
Suitable acid may include an organic acid (e.g. formic 
acid, acetic' acid, propionic acid, trifluoroacetic acid, 
etc.) and an inorganic acid (e.g. hydrochloric acid, 
hydrobromic acid r sulfuric acid, etc.). Trifluoroacetic 
acid- is preferably used in the- presence, of a cation 



10 



IS 



20 



25 



30 



-21 - 0099553 

v ■ 

trapping agent (e.g. anisole, etc.). 

The reaction is usually caxTied out in a solvent 
such as water, methylene chloride, tetrahydrofuran, an 
alcohol (e.g. methanol, ethanol, etc.), a mixture thereof 
or any other solvent which does not adversely influence 
to the reaction. A liquid base or acid can be also used 
as the solvent. The reaction temperature is not critical 
and the reaction is usually carried out under cooling 
to warming . 

deduction can be applied preferably for elimination 
of ester moiety such as 4-nitrobenzyl,. 2-iodoethyl, 
2,2,2-trichloroethyl, or the like. * The reduction method 
applicable for .the deesterification reaction may include, 
for example, reduction by using a combination of a metal' 
(e.g. zinc, zinc, amalgam, etc.) or a salt of chrome 
compound (e.g. chromous chloride, chromous acetate, etc.) 
and an organic or inorganic acid (e.g. acetic acid, 
propionic acid, hydrochloric acid, etc.); and conventional 
catalytic reduction in the presence of a conventional 
metallic catalyst (e.g. palladium- carbon, etc.). 

< to be continued to the next page) 
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The preparations for preparing the starting compound 
(Ila) are explained in detail in the following. 

Preparation I 

5 The compound (Via) can be prepared by subjecting the 

compound (V) or a salt thereof to introduction reaction 
of dihalophosphoryl on amino. 

The present reaction can be carried out according to 
10 similar manners to those of 'Preparation's 3 and D . 

. Preparation J 

The compound (VTb) can be prepared by subjecting the 
compound (Via) to conversion reaction of "dihalophosphoryl" 
15 to "protected phosphono other than dihalophosphoryl". 

The present conversion reaction can be carried out 
by subjecting the compound (Via) to esteTif ication and/or 
amidation. 

20 

The present est erif ication reaction can be conducted 
by reacting the compound (Via) with an alcohol. 

Suitable alcohol may include an alkanol (e.g. methanol, 
25 ethanol, propanol, butanol, etc.) and the like. 

The amidation reaction can be conducted by reacting 
the compound (Via) with an amine. 

30 Suitable amine may include ammonia, primary amine 

(e.g. methylamine, ethylamine, etc.), secondary amine 
(e.g. morpholin, dimethy lamine , etc.) and the like. 

The present esterification or amidation reaction is 
35 usually carried out: in a solvent such as alkylene halide 



- 23 - 



0099553 



10 



IS 



20 



25 



30 



(e.g. methylene chloride, ethylene chloride, etc.), 
tetrahydrofuran, water ot any other solvent which does 
not adversely affect the reaction. 

The reaction temperature is not critical and the 
reaction' is usually carried out under cooling or at 
ambient "temperature. 

•Preparation- K 

The compound (Ila) or a salt thereof can be prepared 
by subjecting the compound (VIb) to deesterification re- 
action: 



The present deesterification reactiqn can be carried 
out according to a similar manner to' that'of Preparation 



The Preparations for preparing the starting compound 
(Ilia) are explained in detail in. the following. 

Preparations 2 and G 

The compound (IX) or a salt thereof or the compound""" 
(XII) or a salt thereof can be prepared by reacting the 
compound (VII) or a salt thereof with the compound (VIII) 
or with the salt of the compound (XI); respectively. 

Suitable salt of the compounds (VII) , (IX) and (XII) 
can be referred to the ones as exemplified for the 
compound. (Ill) . . 

The present reaction is usually carried out in a 
solvent such as alkanoic acid (e.g. acetic acid, 
trifluoroacetic acid, etc;), dimethylformamide, 
nitromethane, acetonitrile or any other solvent which ; 



35 
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does not adversely affect the reaction. 

The present reaction is preferably carried out in 
the presence of sulfonic acid (e.g., trifluoromethanesulfonic 
acid, chloro sulfonic acid, etc.) and the like. 

The reaction temperature is not critical and the 
reaction Is usually carried out under cooling to ambient 
temperature. 

Preparations F and H' 

The compounds .(Ilia) or a salt thereof can be prepared 
by reacting the compound (IX) or a salt thereof or the 
compound (XII) or a salt thereof with the compound (X) . 
or a salt thereof r respectively. 

Suitable salt of the compound (IX) and (XII) can be 
referred to the ones exemplified for the compound (III) . 

Suitable salt of the compound *(X) may include an 
acid addition salt, as exemplified for the compound (III) . 

The present reaction may be carried out in a solvent 
such as water r . phosphate buffer, acetone, chloroform*, 
acetonitrile,. nitrobenzene.,, methylene chloride,, ethylene 
chloride,, f ormamide dime thy If ormamide, methanol, ethanol", 
ether, tetrahydrofurau, dime thylsulf oxide, or any other 
organic solvent which does not adversely affect the 
reaction _ Among, the- solvents,, hydrophilic solvents may 
be used. in a. mixture with water. The reaction is 
•oreferably carried out in around neutral. me diunr* When the 
compound (IX) or (XII) is used ia acid salt form, the 
reaction may be conducted in the presence of a base, for 
example, inorganic base such as alkali metal hydroxide, 
alkali metal carbonate, alkali metal bicarbonate, organic 
base such as trialkylamine, and the like* The reaction 
temperature is not critical r and the reaction is usually 
carried out under cooling* at ambient temperature, under 
warming or under heating* 

Thus obtained compounds according to Processes Ito* 
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3 as above may be converted into pharmaceutical^ 
acceptable salts thereof by conventional manner, 

. The object compound (I) of the present invention * 
exhibits high antimicrobial activity and inhibits the 
5 growth of a number of microorganisms including pathogenic 
GTam-positive ,and Gram-negative bacteria* 

For "therapeutic _ administration, the cephalosporin 
compounds according to the present invention are used 
in the form of pharmaceutical preparation. which contain-; 

10 said compounds in admixture with a pharmaceutically 
acceptable carriers such as an organic or inorganic 
solid or liquid excipient suitable for oral, parenteral 
or external administration V* Th^ pharmaceutical 
preparations may be in solid form such as capsule, tablet, 

15 dragee,, ointment or suppository, or in liquid form such 
as solution,.* suspension, or emulsion. I£ desired, there 
may be included in the 'above preparations auxiliary 
substances, stabilizing agents, wetting or emulsifying 
agents, buffers and other commonly used additives. 

2 °. While* the: dosage of the compounds may vary from and 

also depend upon the age arid condition* of the* patient, 
an average single dose of about 50 mg . , 100 mg., 250 mg., 
and 500 mg. of the compounds according to the present 
invention may be effective for treating of infectious 

25 diseases caused by a number of pathogenic bacteria. In 
general amounts, daily dose between 1 mg/body and about 
1000 mg/body or even, more may be administered. 

The object compound (I) of the present invention 
is characterized by possessinghigher solubility in 

30 . water - as compared with the corresponding free _ 

aminothiadiazolyl or thiazolyl compound (i.e., R*-NH 
means amino),, which is slightly soluble in water, and by 
possessing a feature that R 1 group can be split under 
physiological conditions to give the corresponding free 

35 aminothiadiazolyl or thiazolyl compound., 
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Accordingly, the object of the present invention 
is to provide a more soluble form of the corresponding 
aminothiadiazolyl or aminothiazolyl compound which is 
slightly soluble in water. 

Now in order to show the utility of the object 
compounds" (I) , tes~t data on anti-microbial activity 
of a representative compound of the present invention 
are shown below* 

Test method 

One loopful of an overnight culture of each test ' 
strain in Trypti case -soy broth (10° viable cells per 
ml.) was streaked on heart infusion agaT (HI -agar) 
containing graded concentrations of antibiotics, and 
the minimal inhibitory concentration (MIC) was expressed 
in terms of vg/ml after incubation at 37°C for 20 hours. 

Test Compound 

7 - [ 2 - Allyloxyimino-2 - ( 5 -pho sphono amino -1,2,4- 
thiadiazol-3-yl) acetamido] -3- (1-pyTidiniomethyl) -3-cephem- 
4-caTboxylate *(syn isomer) 



* Test Results 



Test Bacteria . 


M.I.C. Cyg/al) 


. E. coli 31 


0.7.8 



The following Preparations and Examples are given 
for the purpose of illustrating the present invention. 

Preparation 1' 

To a: solution of 2- allyloxyimino-2- (5 -amino -1,2, 4 
thiadiazol-3-yl) acetic acid" (syn isomer) (10 g) in 



tetrahydrofuran (230 ml), was added portionwise 
diphenyldiazomethane (12.76 g) under cooling in an ice 
bath and stirring and the mixture was stirred for 2 hours 
at room temperature. The resulting mixture was 
concentrated under Teduced pressure until an crystallization 
began and stood overnight at room temperature. The 
precipitates weTe collected by filtration, washed with 
ethyl acetate and dried to give diphenylmethyl 2- 

allyloxyimino- 2- (5-amino -1 r 2 , 4 - thiadiazol- 3 -yl) acetate 
(syn isomer) (5.41 g) , mp. ns to 180°C (dec.). 

The filtrate, and the washings were combined, and evaporated. • 
to dryness. The residue was crystallized from methylene 
chloride-diethyl ether (4:1) to *ive further crops- of the 
object compound (6.7 g) , which was Tecrystallized from 
acetonitrile. 

IR (Nujol) : 3460,. 1730, 1620, 1530, 1260, 1150, 
101S cm" 1 ' 
NMR (DMSO-d 6 , 6) : 4.71 (2H, d, J»5Hz) y 5..0S-5.SO 
(2H_m), 5.65-6.30 (1H, m) , 7.06 (1H, s) , 
7.40 (10H, s), 8.22 (2H, broad s) 

(to be -continued to the next page) 
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Preparation 2 

To a cold solution of phosphorus pentachloride 
(3,74 g) in methylene chloTide (43 ml) was added 
diphenylmethyl 2-allylcxyimino-2- (S-amino-l^A- 
thiadiazol-S-y^acetate (syn isomer) (3.94 g) at -20*C 
under stirring*/- To the mixture was added dropwise 
pyridine (2,37 g) under cooling below -22*C in a .dry 
ice-ace-tone bath and stirring, whith was continued for 
one hour at -9° to -5°C in an ice-salt bath. -After 
the mixture was cooled to -35°C and pyridLine (6*16 g) 
was added thereto, a solution of methanol (5.5 ml) in 
methylene chloride (36 ml) was added dropwise to the 
mixture below -12°C; The mixture was stirred for 10 
minutes at -10° to 0°C and for additional 10 minutes 
at 0° to IS^C, Cold water (70 ml) was added to the 
react ion. mixture and *the' organic layer was separated - 
out , washed with water (100 ml) and- a saturated 
aqueous solution of sodium chloride and then -evaporated. 
Th-e residual oil was subjected to column chromatography 
on silica gel (140 g) usang benzene/ethyl acetate 
(2/1-1/2) as «luents;. The fractions containing the 
object compound were combined and -evaporated to give 
diphenylmethyl 2-allyloxyimino-2- [5- dimethoxy- 
pbosphoryln-mirto -1,2 ,4-thiadia20l-3-yl] acetate (syn 
isomer) (2.90 g) as an oil..' 

It crystallized by allowing to stand in a refrigerator, 
mp. 91 to 95*C. 

IR (Film) : 3500, 3100-2800, 1750, 1590, 1530„ 
1450, 1390, 1280-1230, 1185, 1115, 
1070-1010 cm* 1 
NMR (DMS0-d fi , S) : 3.75 (6H, d, J*12Hz), 4.75 (2H, 
d, J«*5Hz), 5..0-5.5 (2H, m) , 5.65-6.26 (1H, m) , 
7,07 (1H, s), 7.37. (10H, s) 
Analysis for C-,H„N.O fi P 
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dalc'd.; C; 52.59, H: 4,61, N; 11.15 
Found : C: 52.44, U: 4.83, N: "10.79 

Preparation % . 

, ,r T ll" lution of 4iPl«yl»ethyl 2-allyloxyimino- . 
2- IS- . O^taych*^^ , l, 2 ,4.thi*dia:ol-3-yl]. 
acetate (syn isomer) (4.0 *) and anisole (10 »1) in 
. ethylene, chloride (10 ,1) was *dded dropwise trifluoro- 

salt bath and stirring, which was continued for 20 
—mm at to -j. C . ■ n. main nlxtur . Ms 
rated^under .reduced pressure and .the residual oil was - 
dissolved in. a mixture „f ethyl acetate (40 .11 and 
»*~.C« ml), adjaatdns to pH 6 Kith aqueous sodium . 
bicarbonate. The. aqueous layer was separated out and 
justed.™ pB I with 6N-hydxochloric acid under an 

s1ntrir/ f ""i ae " Ete (6 ° ^ organic .layer v« 

separated out and the aqueous layer was extracted with 

20 111 T1 " 0XSmiC ^" Md the were 

20 combed, washed with a saturated aqueous solution of 
sodium chloride, dried over magnesium sulfate and 
evaporated to . dryness. To the residue dissolved in 
ethyl acetate- (8 ml) was added, a solution of sodium ' 
acetate (0.98 e ) in methanol ( 2S „i) „„ tne Jnilture ' 
. was evaporated, to dryness. The residue was triturated 

V- . . J.^-thiadiaLl.-J-yl]- 

acetate (syn isomer) (2.67 ,J , mp. 131' to 137'C (dec.) 

IR CNujolJ : 3420, 3100, 1690, 1670, MIS, 
1530 cm" 1 

NMR CD z 0, 4) t 3 . 92 CoH , d , J-UHs), 4.80 (2H, » 

5.18-5.70 (2H, a), 

5.70-6.48 (1H, m) 



35 



- 30 - 

0099553 

^Preparation 4 

The following compound was obtained according 
to a similar manner to that of Preparation 1. 
Diphenylmethyl 2-ethoxyimino-2- (5-amino-l, 2,4- 
5 thiadiazol-3-yl) acetate (syn isomer), mp. 193 to 

196. 5°C (dec.)- 

•IR (Nujol) : 3460, 1735, 1610, 1530, 1500 cm" 1 
NMR CDMS0-d 6 , O : 1.20 (3H, t, J«7Hz) a 
4.23' (2H, ^, J-7Hz}, 7.10 (1H, s) , • . 
10 . 7.3 (10H, la), 8.27 (2H, s) 

Preparation 5 

The following, compound was obtained according to 
a similar manner to that of Preparation 2. 
15 Diphenylmethyl 2-ethoacyimino-2- [5-dimetiiaxy^^ 

amino-l,2,4-thiadi.azol-3-yl3.acetate (syn isomer) , mp. 
128 to 130 °E. 

IR (Nujol) : 3070., 1750, 1590... 1330, 1450, 1390, 
1 1250, 1240, 1185, 1140, 1110, 1095, 
20 1060, 1040 cm" 1 

NMR CDMS0-d 6 , 4) : 1.18 (3H, t,. J«7Hz), 3.-68 (6H, 
• d, J«llHz) v 4.20: (2H, q„ J«7Hz) , 7.00 (1H, s) , 
7.30 (10H, s), 10.6-11.5 (1H, broad s) 

25 Preparation 6 

The following compound was obtained according to 
a similar manner to that of Preparation 3.. 
Sodium 2 - e thoxy imino -2- •d ii nw tl m xy pto^ica y] nrninn - 
l,2,4-thiadiazol-3-yl]acetate (syn isomer), mp. 142 to 
30 148. 5°C (dec). 

IR (Nujol) : 3500, 3430, 2700, 1670, 1610, 1330, 
1400, 1280,. 1270, 1180, 1145, 1110, 
1050, 1030 cm" 1 
NMR (D 2 0, 6) : 1.34 (3H, t, J«7Hz) , 3-90 (6H, d; 
35 J-12HZ), 4.31 (2H, q, J«7Hz) 
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Exam-pi^ 1 

To, a suspension of sodium 2-allyloxyimino-2- [S- 
$ttiaa>yvbQszbary±mh)D~ • l,2,4-thiadiazol-3-yl) - " 

acetate (syn isomer) (358 .5 mg) and sodium bicarbonate 
.(4 2 mg) in N,N-dimethylacetamide (3-6 ml) was added 
dropwise anethanesulf onyl chloride (172 mg) under cooling 
in an ice hath and stirring, which was continued for 
■*1*S-- bows at the. same temperature, On the other land, 
* mixture of 7-amino-3-(l-pyridinioinethyl)-3-cephem-4- 
caxboxylate- dihydrochloride. C400 mg) and trimethyl- 
silylacetamide (2 g) in methylene chloride" (4 ml) was 
stirred at to on temperature to -give .a solution .and 
cooled to -30*C. The -cold solution vas added to the 
activated mixture prepared above and the resulting 
aixtur.e was stirred for 30 minutes -at -20° to -15*C 
And then for additional 20. minutes at -15* to 0°C. 
The- mixture **as poured, into aqueous solution of 
sodium bicarbonate (-5 ml) , adjusted to pH 3 with -6N 
hydrochloric acid and evaporated tojremove methylene 
chloride. The resi dual aqueous solution .-was diluted 
to 72. ml with water and subjected to .column chromato- 
graphy on. a nonioaic adsorption resin "Diaion HP-20-" 
(Trademark: prepared, by Mitsubishi -Chemical Industries) 
(36 ml). After the column was washed with water, 
the elution" was carried, out with 30% and 404 aqueous 
methanol successively. The fractions containing the 
object compound were collected, evaporated to remove 
methanol under reduced pressure, and lyophilized to 
give 7-l2-allyloxyimino-2-{5-- aaJ l ethb4FhospbxJryl•-•.•-• ... . 
amino-l , 2 ,4-thiadia2ol-3-yl)acet£mido] - 3- (1- 
pyxidiniomethyl)-3-cephem-4-carbox>-l£te (syn isomer) 
(37& mg), mp.. 157 to 165°C (dec). 

IR (Nujol) : 3350, 3200, 1770, 1670, 1610, 1520 cm" 1 
«MR (DMS0-d 6 +D 2 0, £) : 3.12 and 3.50 (2H, ABq. J-1SH 
3,67 (6H, d, J*llHz),.4.65 (2H, m) , 
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$•0-6.0 (SH, in), 5. OS (1H, d, J«5Hz) , 
3.72 (1H, d, J-SHi), 8.17 (2H, m) , 
8. S3 (1H, m), S.35 (2H, m) 

5 Example 2 

To a solution of phosphorus pentachloride (4,99 ,g). 
in methylene chloTide (60 ml) was added 2-ethoxyimino- 
•2- (5-amino-l,2 > 4-tlii.adia2ol-3-yl)acetyl chloride 
monohydrochloride (syn isomer) (5-42 g) under cooling 
.10 in an ice bath and .stirring, which was continued for 

one hour at room temperature.; The mixture was -evaporated 
to dryness and the residue was dissolved in acetone 
(30 ml)^ The' solution* was added dropwise to a .solution 
of 7-amino-3- (1-pyridiniomethyl) -3-cephem-4-carboxylate 

IS dihydrochioride £S.42 g) in 40* aqueous acetone (50 ml) 
under cooling, in an ice bath and stirring, Adjusting 
to pH 6-5 with aqueous sodium bicarbonate- during the 
addition,. After .stirring for one hour in an ice bath-, * 
acetone was Temoved ly evaporation and the remaining 

20 aqueous solution was adjusted to pH 1 with £N hydro- 
chloric acid. The restating insoluble material was 
removed; by filtration and the filtrate was subjected 
to column chromatography on anon ionic adsorption 
resin "Diaion HP-20 n (540 ml). 

25 The elution was. carried out with water, 5%, 101 and 

20k aqueous methanol successively. The fractions con- 
taining an. object compound were collected and con- 
, centrated to 10 mX under reduced pressure, The residual . 
solution was poured into acetone (200 ml) under stirring * 

30 and the ; resulting- precipitates were collected by 

. f iltTation and dried to give 7- [2-ethoxyimino-2- (5- 
phosphonoamino -"1 ,2 ,4-thiadia2ol-3-yl) acetamido] -3- 
(1-pyridiniomethyl) -3-cephem-4-carboxylate (2.59 g) , 
mp. 165 "to 173°C (dec). 

35 , IR (Nujol) 3200* 2350, 1780, 1670, 1630, 1510 of 1 
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f. "» C^VV- 0 : 1.19 (JH, t, j-THxj, 
• 3.1-3.7 (2H, m), ,.9-t.S (2H, ») , J. 23 
OH. d, J-5H 2 ), S .o- 6 . a C 2H,»), 3 . 9a 

Example 3 

3-a-Py«d^om,thyl^3-cephem-4-carho=cyl«e f 

£52 la - the reaeti0 ' 1 5rej »" d f ™ ' " 

r-allyao^^o-2-fs.. .^^^ -1,2 4- 

^adaaiol-J-y^ac.tat. Csyn isomer)^/^* 7- 

to that o£Bxample l.was added dro ^ se -„ toetiy * ! 

». . Jhach was continued fox on. hour « Toon trap erat«re. 
To the- mature was added «« ic icia (0 . 5 ^ ^ 
nature was poured into iiisoprbpyl «h. r (500*13 und.* 

The resulting oily product was separated out 
by decantation and dissolved in water (50 .1) . The 
aqueous solution was subjected to c „ lann chromatography 
on a non ionic adsorption resin "Liaion HP-2D" (so ml) 
The elution was carried out with water -and 10* aqueous' 

were collected, evaporated to remove methanol under 

ZtTt TT"^ ly05iili " d " I" 7-t2-allyl.xy- 
iaino-2-cs-phosphonoamiao -l.Z^-thiadiajol-s-yij- 
acetaaado] -3- (1-pyridiniomethyl) - 3 -ceph=m-4-carbo=cyla«:.. 
(syn isomer) (250 mg), ap. 17s -to ISl'c (dec J 

1R (Nujol) : 3200, 2350, 1780. 1670, 1630, 1S20 of 1 
NMR CDMSO-dg+DjO, fi) : 3.51 (»,<,, 4 .„ (2H, m) , 
5.06-6.30 (SH, m), 5.23 (1H, d, J-SHz), 
S-Si (1H, d, J-SHz), 8.27 C1H, m), 8.70 (1H, m), 
3-13 (2H, m) 
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Example 4 

The following compound was obtained according xo 
similar -manners to those o£ Examples 1 to 3. 
7- [2-Ethoxyimino-2- (5-phosphono amino -1,2,4-thiadiazol 
3 -y 1) acetamido] -3 - ( 1 -methyl - 4 -pyri dini othi ome thy 1) - 3 - 
cephem-4-carboxylate Csyn isomer), mp. 160 to 169*C 

(decJ). \ _ 

IR {Nujol) 3 3250, 1770* 1670, 1630, 1520 -cm" 
NMR CDMSO-d 6 +D 2 0, i) : 1.24 (3H, *. J«7Hz), 
3,70 (2H t m), 4.22 (3H, s)< 4-35 (4H, 3),' 
5.21 C1H, d, J-5HZ), 5.83 (1H, A, J«SHz), 
7.55 C2H, d, J»7Hz], 8,62 (2H, -d, J«7Hz) 
(to be continaed to -tie next page) 
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Preparation 7 

_ - To a suspension of phosphorus pentachloride (243.36 g) 
in toluene (2.S i) was added 2rallyioxyi.iao-2-C5-a.ino- 
l,2,4-thiadiazol-3-yl)acetic acid (syn isomer) (102.6 g) 
under cooling at 0«C and stirring, which : was continued 
for 45 minutes at 4 to 8'C The reaction mixture was • 
poured into ice-cold water. (1.5 i) under stirring. 
The organic layer was separated out, washed with cold 
water (2. 1) and brine (1 I), dried over magnesium sulfate 
and evaporated, to dryness. The residue was triturated 
in diisopropyl ether (150 ml) and the mixture was stirred 
for 10 minutes at, The resulting precipitate was fil- 

tered, washed with cold diisopropyl ether (50 ml) and 
dried to giye.. 2-allyloxyimino-2- (S-dichlorophosphorylamino- 
l,2,4-thiadia 2 ol-3-yl)acetyl chloride (syn isomer) (128.7 g) 
np. 128 to 129°C. . 

I* (Nujol) : 1798, 1774, 1585, 1250, 1125, 1040, 985 oT 
Preparation 8 

The following, compounds were -obtained, according to a 
similar manner to that of. Preparation 7. ' " 

(1) 2-Ethoxyimino.2-C5-dichlorophosphorylamino-l,2,4- 

thiadiarol-3-yi) acetyl chloride (syn isomer) .'mo. 115-C. 
. I* CNujol) : 1780, 1590, 1530, 1220, 1050, 96 0 ", 910 cm" 1 
NMR (dg-acetone, «) - 1.37 (3H, t, J-7ftz) , 4.45 (2H, q 
' J-7Hz) ' 

Analysis foT CgHgN^PSClj 

C H N d P 

calc*d : 20.48 1.71 15.93 30.33 8.82 
found :. 20.79 1.78 16.22 30.63 8.98 

C2) 2-Propoxyimino-Z-(s:.dichlorophosphoTyla m ino-l,2,4- 

thiadia-ol-3-yl) acetyl chloride (syn isomer) , 'mp. 127 to 
150 °C. 



IR (Nujt)l) : 1790, 1590, 1530, 1220, 1120, 1050, 1010, 
940 cm" 1 

Preparation 9 

To solution of phosphorus pentachloride (10.92 g) in 
methylene chloride (110 ml) was added 2-allyloxyimino-2- 
(5-amino-l, 2,4- thiadi-asol-3-yl) acetic* acid (syn is&mer) (11*4* g) 
under cooling at -20°C and stirring, which was continued -for 
SO minutes at -15 to -5°C. To the mixture was dropped 
a solution of methanol (2,4 g) in pyridine (15-82 g) -at 
-30 to -10°C under stirring, -which was continued for 20 
minutes at -10°C„ To the reaction -mixture was dropped 
wateT (11 0 ml) and the mixture was adjusted to pH 2 with 
IN aqueous sodium hydroxide and then stirred for 30 
minutes- at 0°C. The resulting precipitate was filtered, 
washed with water and dried to give methyl 2-allyloxyimino- . 

2- (5-.amino-l,2,4-thiadiazol-3-yl} acetate (syn isomer") 
(8.40 g). 
mp. 167 to 168°C 

IS. (Nujol),: 34ZS, 3260, 3140, 1745, 162S, 1600, 1540, 

1440, 1410, 1250, 1145, 1075, 101S,. 395 cm" 1 
MMR (dg-DMSD, 6) : 3-83 (3H, s)., 4.7 (2H, m), 5.0-S.5 
(2H, m),. 5.7-6.3 (1H, m) , 8.25 (2H, s) 

Preparation 10 

To a mixture of phosphorus pentachloride (65.4 g) 
and -pyridine (37^3 g) in methylene chloride (654 ml) was 
added methyl 2-allyloxyimino-2-(S-amino-l,2,4-thiadia2ol- . 

3- yl)acetate (syn isomer) (38 .1 g) undeT cooling at -I5°C 
and stirring,, which was continued for 30 minutes at -10 
to -5°C- To- the reaction mixture was added water (300 ml) 
at -10 to 5°C and the organic layer was separated out, 
washed with water^ dried over magnesium sulfate and filtered. 
The filtrate was- added to a solution of methanol (25.1 g) 
and pyridine (149 gO in methylene chloride (7 85 ml) at 
-20 to -10 °C under stirring, which was continued for 
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30 minutes at -10 to -5°C and 4 hours at ambient 
temperature. The mixture was diluted with water (1 2) 
and adjusted to pH 1.0 with 6N hydrochloric acid. The 
organic layer was separated out, washed with water, dried 
S over magnesium sulfate and evaporated to dryness. The 
residue vks triturated in diethyl ether to give methyl 
-._ ... 2-allyloxyiaiinor.2.-CS7dimethoxyphosphorylamino-l,2 t 4- 
thiadiazol-3-yl) acetate (syn isomer) (38^7 g) . • 
■mp. 113 to 114°C 

10 IS (Nujol) : 3080, 174S, 1595, 1535, 14-30, 1390, 1270," 

1250, 1230, 1110, 1030 cm" 1 
NMR. (dg-DMSO, 5) : 3.73 (6H, d, J-12H2) , 3.87 (3H, s) , 
4.7-5.0 (2H„ m),. 5.1-5.5 (2H, m), 5.7-6.3 (1H, m) 

15 Preparation 11 

To a solution of methyl •Z-allyloxyimino-Z-CS-dimethoxy- 
phosphbrylamiaio-l,2,4-thiadiazol-3-yl).acetate (syn isomer) 
(37.3 £) in tetrahydrofuran (106 ml) was added IN- aqueous 
sodium hydroxide (234 -ml) and the mixture was stirred for 

20 2 hours at ambient temperature. The reaction mixture was 
adjusted to pH 5 Vith 6N hydrochloric acid- and washed 
with ethyl acetate. The aqueous layer was separated out, 
adjusted to pH 1.0 with 6N hydrochloric acid and extracted 
with" ethyl acetate. The extract was i washed with brine, 

25 dried over magnesium sulfate and evaporated. The residue 
. dissolved in methanol (50 ml) was. added dropwise to a 
solution of sodium acetate (a..7 g) in methanol (90 ml) 
at ambient temperature under stirTing, which was continued, 
for one hour at the same temperature. To the mixture was 

30 added ethyl acetate (200 ml) and the resulting precipitate 
was collected, by filtration, washed with ethyl acetate 
and dried to give sodium 2-allyloxyimino-2- (5-dimethoxy- 

phosphorylamino-l,2,4-thiadia20l-3-yl)acetate (syn isomer) 
(3-2..6. g),. mp. 168 to 173°C (dec). 

35 IK" (Nujol) : 3450, 1590, 15.35, 1395, 1270, 1190, 1130, 

1050, 1025, 94S, 84S cm" 1 
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NMR. (dg-DMSO, 6) : 3. 65 (6H, d, J-12Hz) , 4.5-4.8 C2H, m) 
5.0-5.6 (2H, m), 5.7-6.4 (1H, m) 

Preparation 12 

The -following compound was obtained according to 

similar manners to those of Preparations 2 and 10. 

Ethyl 2-methoxyimino-Z- (2-dimethoxyphosphorylaminothiazolr 

4-yl) acetate (syn isomer V, oil. 

IR (Film) : 3480, 3120, 3000, 2950, 2900, 1740, 1630, . 
1580, 1530, 1465, 1450, 1375, 1290-1240, 1200- 
1170, 1170-1020, 97Q, 92Q; 850, 785 cm" 1 
NMR (DMSO-dg, 5) : 1.30 (3H, t^ J=7.Hz) , 3.72 (6H, d, 
J-1ZHZ) , 3.92. (3H, *S), 4.33 (2H, q, J=7Hz), 
7.34 (1H,. s), 10.29 (1H, bToad s) 

Preparation 13 

The following compound was obtained according to 

similar manners to those of Preparations 3 and 11. 

Sodium 2-methoxyimino-2- (2-dimethoxyphosphorylaminothiazol- 

4-yl)acetate- £syn isomer) ,. mp. 152 to 160°C (dec.:). ^ 

IR (Nujol) : 1620, 1545, 1400, 1275, 1185, 1045 cm" . 

NMR (D 2 0, 5) : S.79 (6H, d, J-llHz) , 3.91 (3H, a) . ' 
T.07 (1H, • s) 

Preparation - 14 

To a mixture- of 7-(2-thienylacetamido)-3-(3-chloro.- 

l-pyridiaiomethyl)-3-cephem-4-carboxylate(22.5 g) and 
N,N-dimethylaniline. (60.0 g) in methylene chloTideHOOml) was 
added dropwise trimethylsilylchloride (50.0 g) at ambient 
temperature under stirring, which was continued for 15 
minutes at the same temperature. The reaction mixture - 
was cooled to -30 °C and phosphorus pentachloTide [31. 2 g) 
was added, thereto under stirring, which was continued 
for one hour at -30 to -25°C. The reaction mixture was 
added to a cold solution of l,3--butanediol (45 g) in 



methylene chloride (400 ml) under cooling in an ice-bath 
and stirring, which was continued for one hour at ambient 
temperature. The resulting precipitate was filtered 
washed with methylene chloride and redis.solved in meihanol 
(SO ml) After the solution was treated with, activated 
charcoal (1 g) , the filiate was poured into acetone • 
(500- ml> under stirring, which was continued for 30 minutes 
at ambient temperature. The resulting precipitate was 
faltered, washed with acetone a^d 'dried to give 7-amino- 
3- (3-chloro-l-pyridiniomethyl) - 3-cephem-4-carboxylate 
dihydrochloride (17.7 g), mp. 160 to 165'C (dec ) 

IR (Nujol) : .3350, 1790, 1720, 1620, 1490, U70 cm" 1 
NMR (D 2 0„ 6) : 1.50 and 3.80 (2H, ABq, J»18Hz) , 

S.28 (1H, d, J-4H2), S.40 (1H, d,J-4Hz), 5.48 
and 5.80 (2H, ABq, J-14H2) , 8.0-8.3 (1H, m) 
9.27-9.57 (3H, m) 

Preparation 15 

The following compound was obtained according to a 
similar manner to that of Preparation 14. . . 

7-amino-3-(4-methoxy-l-pyridiniomethyl)-3-cephem-4- 
carboxylate hydrochloride 

IR (Nujol) : 3400, 1780, 1640, 1570, 1525, 1420 cm" 1 
NMR (D 2 0, 6) ; .3.20 and 3.57 (2H, ABq, J-I8H2), 4.10 
(3H, s), 5.00 and 5.20 (2H, ABq, J-14Hz), 5.20 
(1H, d, J-4HZ), 5.23 (1H, d, J-4Hz) , 7.47 (2H, d, 
J«7Hz), 8.67 (2H, d, J«7Hz) 

Preparation 16 

To a. mixture of 7-aminocephalosporanic acid (6.0 g) 

and dimethyl sulfide (1.36 g) in acetonitrile (30 ml) 

was added trifluoromethanesulf onic acid (9.0 g) below 
18 »C under cooling in an ice-bath and stirring, which 
was continued for 30 minutes at 15 to 18 °C. To the 
reaction mixture was added ethyl acetate (80 ml), and 
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the mixture was seeded and stirTed foT one hour at ambient 
temperature. A resulting -precipitate was filtered, washed 
with ethyl acetate and dried to give 7 -amino -3- dimethyl - 
sulf oniomethyl-3-cephem-4-carbaxylate- bis (trifluoTomethane 
sulfonate) C 8. 5 5 g) , mp. 190 to 19S°C (dec). ■ ' * 

IR'CNujol) : 3150, 3000, 1790, 1700, 1635* 1600,. 1490, 

1420, 1220, 1160, 1020 cm" 1 : • 

NMR (D 2 0,S) : 3.00 (6H, s) ; 3.67 and 3.87 (2H, ABq, 
J-18Hz),- 4.53 (2H, broad s)$' 5.20 (1H; d, J«4Hz) 

5; 33 (1H, d, J-4Hz) 

Analysis; for Pi2 H 16' H 2 D 9 S 4 F 6 - 

C ■■ •'■ k : - N S : " T ' 

«lc/d :. 25.^9 2.81 4.88 22.32 19.84 

found : 25.11 2.78 5.04 22.93 .20,23 

Pre-paration 17 . 

To a solution of 7-amino-3-dimethylsulfoniomethyl-3 
cephem-4-carboxylate bis (trif luoTomethanesulf onate) 
(574.5 mg) in N,N-dimethylformamide (10 ml) was added 
pyridine (395" mg) under cooling in an ice-bath and 
stirring, which was continued for 30 minutes at 0 to 5°C. 
The reaction mixture was jdiluted with water to 50 ml and 
the solution was subjected to H.P.L.C. to identity the 
reaction product and calculate the yield. It contained 
7-amino-3-<l-pyridiniomethy)T3-cephem-4-carboxylate 

(133.5 mg). 

Preparation 18 

To a mixture of 7— aminocephalosporanic acid (45.0 g) 
and potassium thiocyanate (14.55 g) in acetonitrile 
(225 ml) was added dropwise trifluoromethanesulfonic acid 
(67.5 g) below 18°C under cooling in an ice-bath and 
stirring.', which was continued for 30 -minutes at IS to 18 °C 
The reaction mixture containing 7-amino-3-cyanothiomethyl- 
3-cephem-4-carboxylic acid was added to a mixture of 
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pyridine (H8.5 g) and water (150 ml) at 30 to 33 S'C 
under, stirring. The resultant mixture was immediately 
poured into a cold mixture of isopropyl alcohol (900 ml) 
and diisopropyl ether (1.2 £) under cooling in an ice-bath 
and stirring. The resulting precipitate was filtered 
washed, with isopropyl alcohol and diisopropyl ether and 
then redissolved in water (1.0 i) . An insoluble material 
was filtered off and the filtrate was passed through a 
column packed with acidic alumina (ISO g) . The eluate 
(1.38 £) was concentrated to about 60 g of weight under 
reduced pressure and stirred for 30 minutes under cooling 
m an ice-bath.. The resulting precipitate was filtered 
vashkd with methanol and diisopropyl ether and dried to' 
give 7-amino-3-(l-py Tidi ^ ometllyl) .3. cephein . 4 _ caTb ^ 

thiocyanate (12.56 g) mp. 175 to 180°C (dec ) 

IR (Nujol) ...2600-2300, 2050, 1790, 1650,'l630, 1560 ' 

1150-, 1045 cm" 1 " • ' 

NMR (D 2 0, 6) : 3.33 and 3.67 (2H, ABq, J»18Hz) , 5.12 
(lHi d, J-4H2), 5.30 (1H,. d, J-4Hz), 5.33 and 
5.51 (2H,~ ABq, J-14HZ), 7.84-8.24 (2H, m) , 
8.4-8.7 (1H, m), 8.75-9. 03 (2H, m) 

Preparation 19 

To a mixture of 7-aminocephalosporanic acid (40 g) 
and potassium thiocyanate (IS. 7 g) in' a«tonitrile (200 ml) 
was added dropwise trifluoromethanesulfonic acid (40 ml) 
below 15°C under cooling in an ice-bath, and stirring " 
which, was continued far 39 minutes at 5 to 15'C and for 
40 minutes at ambient temperature .. The reaction mixture 
was poured, into cold water (400 ml) and stirred for 30 
minutes. The resulting precipitate was filtered, washed ' 
with water and acetone and dried to give 7-amino-3-cyanothio- 
methyl-3-cephem-4-carboxylic. acid (26.2 g) , TO . 175 to 
I80°C (dec). 

IR (Nujol) : 3170, 2600, 2350, 2160, 1800, 161S, 1530 cm' 1 
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NMR' (D 2 0+DC1, 6) : 3.80 (2H, s) , 4,30 (2H, s) , 5.20 
- (1H, d, J*5Hz), 5,40 (1H, d, J«5Hz) 

* Example S 

5 To a suspension of 7-amino-3HJ.-pyTidiniomethyl)-3- 

cephem-4-cafboxylate dihydrochloride dihydrate CSS g) 
in methylene chloride {1.12 A) was added trimethylsilyl- 
acetamide (280 -g) and the mixture was stirred for 15 
• minutes at. ambient temperature. The solution was cooled 
10* at ~20°C and 2-allyloxyimino-2- (5 — dichlorophosphorylamino- 
1,2, 4 -thiadiazol-3-yl) acetyl, chloride (syn isomer) (SI g) 
was added thereto at the same temperature under stirring, 
which was continued for 20. minutes at -13 to -10°C and 
for 30 minutes at -5 to P°C. The: reaction mixture was 
15 * poured into a saturated, aqueous solution of sodium bicarbonate 
(1 £,) under- stirring and the aqueous, layer was separated 
out. The organic layer was extracted twice with VateT 
(800 ml,. 400 ml) and the extracts were combined with the 
aqueous layer. The combined aqueous solution was adjusted 
20 to pH'l..S with 6N hydrochloric acid and the resulting 

• precipitate- was filtered off. The filtrate was subjected 
to column, chromatography on nonionic adsorption resin 
"Diaion HP- 20" (6 i) • After the column was washed with / — 
water (10 £), the elution was carried out with 20% aqueous 
25 methanol. The fractions containing the object compound were 
combined,, adjusted to pH.'6.0 with lN t aqueous sodium 
hydroxide and concentrated to a weight of 318 g under 
reduced pressure. To the solution was added ion-exchange 
resin "Dowex SO W 10 X (H* form)" (prepared by the Dow 
30 Chemical Co.) . (120 g) and the mixture was stirred foT 

5 minutes. The resin was filtered off, washed with water 
(142. ml) > and the filtrate and the washings were combined. 
The combined solution was mixed with n-butanol (2,5 £) at 
-15 to. -10°C and to the resulting solution was added acetone 
35 {i.S £)'• dropwise. at -10°C under stirring, which was continued 
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for 4Q minutes after removing the cooline bath Th* * , • 

rTMe „ filtered , WMhed with a :: t h ; so ^ - 

to *xve '-r2-alano X r i .ino- 2 - ( s-phosphonca»inc. 
thiad^ol-3-y ^cetamidoJ-J-U-pyxidiniomethy^-c ^. 
S 4-caxbosyiate (syn isomer) (60.6 g) , 17s VlBl'C tMT.J. 

Example 6 

A suspension of crude 7-amino-3- n- me ,.w, a 
"ethyiJ-s-cephe^-caxboxyUte (pux ity 3 " ^ 

10 in water (14S ml) was adjusted to „hT i S£ Z • ! ^ • 
- acetone- (73 mi, was &dded thlxatc! xftt 

added PortionwiseZ-ethoxyimino-Z-fS-dichlo^r,!, - , 

1S stixxin* *I* " 7 * C ^ "°"»« *» » ie.-b.ta and ' 

lb. reaction mi«ure was kept at pH 6 to 7 

«th. txietiylamin e durinj- the .addition. After stirrine 
fox one hour at J to ,. C . 'the reaction mixture was I", 
poxated to remove, acetone. Ih,. a,»eous solution was 

20 ZT V 6 • ° a<,Ue0US S ° di » — • "irxed 

« i rT ! ** "* 1 " t tM *«""« «>■ tben adjusted 
cijL ""t " ^^"^ • Tbe resultant pre- . 

o o!" " 4 ° ff "* ^ Hltt " e ~ «^-=«ed 

"L ^^r" 0 ^ 7 m 8 n ° nIOaic «*«Pti« resin 

2S „^ t980 il, • «l™ -s washed 

. -ttart (IM-SOI). The eluates wexe combined, evaporated 

r,r r r 314 v**** « ^ 7 . [2^0=^0- 

• ^-< S -Pb==Pbonoa B ino-l > 2 1 '4-t a iadiazol-3-yl)aceta»ido]-J- 
l-methyl-4-pyridiniothio.ethyl) -S-cephem-l-carbo^ate 
'» (syn isomerj (H.Slg), mp. 160 to 169"C (dec). 

Example 7 

W To a mixture of sodium 2-methoxyimino-2- (2- 

dimetho^yphosptexylaminothia.oI.-4-y!) acetate (syn isomer) 
CJ.20 g) and sodium bicarbonate (0.81 g) ln NjN . 
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dimethylacetamide (32 ml) was added methanesulfonyl chloride 
(1.88 g) under cooling in an ice-bath and stirring, which 
■was continued for one hour and cooled to -23 C C. To the cold 
reaction mixture was added a solution of 7-amino-3- (1- • 
pyridinipmethyl-3-cephem-4-carboxylate dihydrochloride 
dihydxate "(3.52 g) and trimethylsilylacetamide (17.6 g) -in 
methylene chloride. (3S ml), at -23 to -20°C under stirring, 
which was continued for 30 minutes at -20 to -12°C and for 
25 minutes at -12 to 3°C to give a mixture containing 7-[2- 
methoxyimino-2- (2-dimethoxyphosphorylaminothiazol-4-yl) - 
acetamido] -3- Cl-pyridiniomethyl) -3-cephem-4-carboxylate (syn 
isomer) . 

(b). To the mixture containing 7- [2-methoxyimino-2- (2- 
dimethoxyphosphorylaminothiazol-4-yl) acetamido] -3- (1- 
pyridiniomethyl) -3-cephem-4-carboxylate (syn isomeT> was 
dropped trimethylsilyl bromide (14.80 g) at 3 to 8°C under 
stirring, which was continued for 2.5 hours at ambiient tem- 
perature. The reaction mixture was poured into, diisopropyl 
ether (1.5 I) and the resultant resinous oil was separated 
by decantation. The oil was dissolved in water (300 ml.) , 
adjusted to pH 1 with IN hydrochloric acid and subjected to 
column chromatography on a nonionic adsorption resin "Diaion 
HP-20" (320 ml). After the column was washed with water 
(1.4 SL) , the elution was carried, out with 20% aqueous ; methanol. 
The fractions containing the object compound were collected, 
evaporated to remove methanol and lyophilized. to give 7-[2- 
methoxyiminor2-*(2-phosphonoaminothiazol-4-yl) acetamido] -3- 
(l-pyridinioraethyl)-3-cephem-4-carboxylate (syn isomer) 
(1.3 g), mp. 155 to 164°C (dec.), 

IR (Nujol) : 3200, 1775, 1660, 1630, 1610, 1530, 1490, 
1340, 1210, 1185, 1155, 1060, 1040 cm" 1 

NMR (D 2 0+N a HC0 3 , 6) : 3.25 and 3.70 (2H, ABq, J=18Hz) , ~ 
4.0a (3H, s), 5.31 (1H, d, J«5Hz) , 5.38 and 5.61 
(2E r ABq,. J— 14Hz) r 5. 88 (1H, d, J«5Hz), 
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7.S7 C1H, s), 8.19 (2H, m) , 8. 58 (1H , ri) , 8 . 98 (2H> ^ 
Example 8 

l,2,4-thiadxazoa-3-yl)acetafflid e ]-3.Cl.py ridllliometh n) . 3 . 
cephem-4-carbozylate (syn isomer) (5.81 g) io wateT (140 ^ 
was adjusted to pH 5.48 with 7.4N aqueous ammonia and th. 
solution was lyophiliKd to give mono ammonium salt o* 7-[2- 
allyloxyimino-2- (S-phosphonoaaino-1, '^-thiadiazol-jlyll- 
aeetamido] -3- (1-pyridiniomethyl) -J-cephem^-oarboxylat, , 
isomer) (S.7 8 ) , mp.. 18S to 195'C (dec). 

IR (Nujol) : 3500-3100, 1770, 1673, 'l60S,' 1535, 1 287 „- 

Example 9 

i 2 / r!r i0ft ° f 7 - t2 - Sll * lo ^™-2-CS-phosphonoam^no- 
^?: l , , X ^"^""^^^^"-^"iniomethyD-s-eeph 
4-carboxylate (syn isomer) . (5.81 g) „ water C150 J ^ ph 

adjusted topH 3.0 with IN aqueous sodium hydroxide and th. 
solution was lyophilixed to give monosodium salt oi 7- r 2 . 
allyloxyimino-2- (S-phosphonoamino-1, 2,4 -thiadiazol-3-yl) - 

acetamidel-S-d-pyridiniomethyD-S-cephem^-carboxyiate (syn 
isomer) (6.0 g) , mp. 200 to 210«C (dec) 

IR (Nujol) « 3500-3100, 1770, 1670,'l630, 1610, 1525 cm"! 

Example- 10 

.l,2,4.thi a dxa 2 ol.3.yl) a cet a nddo].3.Cl. pyxidillioiIieth n) . 3 . 
cephem-4-carb 03 cylate (syn isomer) (5.81 g) in water £150 ml) 
vas adjusted, to pH 6.0 with IN aqueous sodium hydroxide and 
the solutionis lyophilized to give disodium salt of 7- [2- 
allyloxyimino^-CS-phosphonoamino-l^/A-thiadiazol-S-yn- 

acetamidoJ-S-Cl-pyridiniomethyD-S-cephemM-carboxylate 
(syn isomer) (6.1 g) , mp. 205 to 215°C (dec ) 

IR (Nujol)': 3500-3100, 176S, 1670, 1640-1600, 1S30, 
1290 cm* 1 
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Example 11 

A suspension of 7- [2-ailyloxyimino-2-(5-phosphonoamino- 
1, 2,*4-thiadiazol-3-yl) acetamido] -3- (1-pyridiniomethyl) -3- 
cephem-4-carboxylate (syn isomer) (5.$l.g) in water (150 ml) 
was adjusted to pH* 6.0 with calcium hydroxide (760 mg) . 
After a small amount of insoluble material was filtered off, 
the filtrate was lyophilized to give calcium salt of 7- [2-. 
allyloxyimino-2- (S-phosphonoamino-l,2,4-thiadiazol-3-yl) - 
acetamido] -3- (1-pyridiniomethyl) -3 T cephem-4-carboxylate 
(syn isomer) (6.2 g) , mp->230 4, C. 

IR (Nujol) : 3500-3100, 1770, 1670, 1635, 1610, 

1525, 1290 cm" 1 

Example 12 

7- [2 -allyloxyimino-2- (5-phosphonbamino-l ,2 ,4-thiadiazol- 
3-yl) acetamido] -3-(l-pyridiniomethyl) -3-cephem-4-carboxylVte 
(syn isomer) (5.81 g) was reacted with potassium acetate to 
give dipotassium salt of 7- [2 -allyloxyimino-2 -(S-phosphono- 
amino-1, 2 , 4 -thiadiazol-3-yl) acetamido] -3-(l-pyridiniomethyl) - 
3 -cephem- 4 -carboxylase (syn isomer) (6.40g) , 'mp. 143 to 
148°C (dec.) . 

IR (Nujol) :*3150, 1760, 1660, 1605, 1520, 1280, 1150, 
1010 cm" 1 



' Example 13 .. ^ 

To a solution. b£ monoammonium salt of 7- [2-allyloxyimino- 

-2- (5--phosphonoamino-l , 2, 4-thiadiazol-3-yl) acetamido] -3- 
- (l-pyridiniomethyl)-3-cephem-4-carboxylate (syn isnmeT) 
(500 mg) in water (.2 ml) was added N,N-diethylacetamide 
-•(3.5 ml) and the mixture was allowed to stand for 3 days 
in a refrigerator. The resulting precipitate was collected, 
by filtration, washed with 70% aqueous N,N-diethylacetamide 
and acetone successively and dried in air to give crystalline 
monoammonium. salt of 7- [2-allyloxyimino-2-(S-phosphonoamino- 
l,2,4-thiadiazol-3-yl) acetamido] -3-(l-pyTidiniomethyl) -3- 



=ephem-4~carbo:cylat e hexahydrates solvate* with one 

aolecule of N (N -di.thylac.tami4e ( syn isoner) „, 

mp. 90 to 95°C. gJ> 

» CNujol) : 3400, 31S0, 1774, 1680, 1614 1575 
1538, 1338, 1315, 1290, 1210 oA ' 

"* C '2°» «J « C3H, t, J«7Hz), 1 18 C3H,. t, J» 

7HZ) 2.10 C 3H, s), 3.20 and 3.70 (2H, ABq J. 

4.8 C2H. a), 5.30 ..(1H, 5 . 93 (l H , d, j 

SH 2 ) 1 - 6 .s C5H, a), 8.10 C2H, *), 8.60 C1H 
*0, 8.95 (2H, m) 



Analysis for W S 2 . 6H 2 0 

calc'd : 3 8 foo 5^89 i S ? 3 4 13a 
found :: 37.99 £.56 15.38 13.5 



Exam-pie 14 



1 2 /^ 0 T M ° f 7 - [2 -« h0 ™°-2-CS-ph=sphonoaM J1 o- 

pmdiniotMoMethn)-3-ceph. n -4.carbo^ate. (syn isomer, 
C12.31 g) and sodium- acetate (3.28 g) in water (60 ml) 
was added portions to acetone (1325 mi) at anient 
temperature under stirring. The resultant precipitate 
was co lected by filtration, washed with acetone and 
""V° ^ iSOdiUn Sllt ° f 7 -[2-th=xyimino-2-( S . 
phosphonoamino-l,2,4-thUdia M l-3-yl)ac.tanido]-3-(i- 

methyl^-pyridiMotWbmetnyn-jicephemM-carboxylate (syn 
isomer) (15.0 g) , »p. iss to 160'C. (dec ) 

IR CNujol) : 3600-3100, 1760, 1675," U0S, 1330 
1285, 1225., 1113. cm" 1 

Exam-pie 15 

ll Ar^ 10 " 1 ° f '-t^"* 0 *^— Z-CS-ph.sphonoamino- 

c~l ^ * 4 *^ oW - !rl >«» t - lte l-»-Ci-pypidtoto»ti W ).3. 

cephem-4-ca*c:cyl« e ( syn isomer) (S.o s ) in water (so ml) 
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was adjusted to pH 4.2 with IN ammonium hydroxide and 
lyophilized to give powdery monoammonium salt of 7-[2- 
pr opoxy imino - 2 - C 5 -pho sphono amino -1,2,4- thiadiazo 1 - 3 - y 1) - 
acetamido ] - 3- (1-pyxidiniomethyl) -3-cephem-4-carboxylate 

5 (syn isomer) (4,88 g). 

(b) The monoammonium salt, as obtained above CI- 0 g3 was 
dissolved in water C4 ml) and N,N-diethylacetamide (12 ml) 
was added thereto. The mixture wa's. allowed to stand at 

10 ambient temperature to precipitate crystals and was 

fuTtheT ice-cooled for one hour. -The precipitating crystals 
weTe collected by filtration, in turn washed with' a cold • 
80% aqueous solution of N,N-diethylacetamide (1.5 ml) and 
acetone- and dried to give crystalline monoammonium salt of 

IS 7- [2-pTopoxyimino-2- (5-phosphonoamino-l, 2 ,4-thiadiazol- 3- 
yl) acetamido] -3-(l-pyridiniomethyl) -3-cephem-4-carboxylate 
solvated with one molecule of N,Nrdiethylacetamide (syn; 
isomer) (950 mg) , mp. 80 to 85°C. 

IR (Nujol) : 3400, 3200, 1770, 1680, 1620, 1540, 

2Q 1490*, 154-0, 1210, 1150,.. 1070, 1050, 1020, 1000, 

930 cm" 1 

NMR (D 2 0, 6) r 0.90 (3H, t, J-7Hz) , 1.08 (3H, t, J= 
7Hz), 1.17 (3H, t, J-7Hz), 1.53-1.98 (2H, m) . 
2.10 (3H, s), J. 30 (2H, t, J-7Hz) , 3.33 (2H, t, 
25 J-7HZ), 3.17 and 3.70 (2H, ABq, J-18Hz), 4.27 

(2H, tr, J-7Hz), 5.30 (1H, d, J-5Hz), 5.30 and 
5.6J (2H, ABq, J-14Hz) , 5.90 (1H, 4, J»5Hz) , 
8.10 (2H, m), 8.58 (1H, m) , 8.97 (2H, m) 

•30 Example 16 ' 

The following compounds weTe obtained according to 

similar manners to those of aforesaid Examples. 

(1) 7v['2^ropoxyimino-2- (5-phosphonoamino-l, 2,4- 
35 thiadiazol-3-yl) acetamido] -3-(l-pyTidiniomethyl) -3-cephem- 



4-carboxylate (syn isomer), mp. 177 to 182«C (dec ) 

,'IR CNujol) : 3200, 1780, 16S0, 1630, 1520 148s ^-l 
NMK ( B 2 0, ,) : 0 .90(3H, t, J.THtf.'l^-J.J (2H 
«)V 3.23 and 3.77 (2H, ABq, j-i8Hr) , 4.27 
(2H, .t, J=7Hz), 5.33 (1H, d, J-SHz) , 5.37 and 
5.77 (2H, ABq, J«14Hz), 5.93 (1H, d, J-SHz) 
8.10 (2H,. a), 8.58- (1H, ■«);-■ 8 .9 5 C 2H, a) 

(2) ^[Z-Ethoxyimino^-CS-phosphonoamino.l.z 4- 
3-cephe*-4-carb 03 cylate (syn iso^r),*,. 165 t0 

Xfhl 3 ?; 1780 ' 1670 > 1640 ' 157o > «« 

NMR CD 2 0, 6) : 1,30 (3H, J-7Hz), 3.30 and 3.63 
(2H, .ABq, J-18Hz), 4.10 (3H, s), 4.33 (2H, q, 

C1H d, J«SHz), 5.8.8 C1H, d, J.3HO, 7.43 C 2H 
d, J-7H2),M8.65 (2H, d, J«7Hz) 

(3) ^[i-Ethoxyimino^-CS-phospIionoaaino-l 2 4- 

3-ceph^-4-carboxylate (syn i50m er>, ap. 170 to 175«>C (dec.) 
IR (Nujol) : 3-200, 2300, 1773, 1670, 1630, 1510 
(D 2°> «) s 1.30 (3H, t, J-7HZ), 3.35 and 3.73 
(2H, ABq, J-14HZ), 4.33 (2H, q, j-7Hz) , 5.32 
(1H, d, J-5HZ), 5.43 and 5.78 (2H, ABq, J-i4Hz) 
S ; 93 (1H d, J-SHz), 7.93-8.27 (1H, a), 8.S3-8.80 
•C1H, m), 8.87-9.08 (1H, a), 9.17 (1H, broad s) 
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Preparation 20 

Phosphorus pentachloride (21.98 g) was dissolved in 
methylene chloride (270 ml) at room temperature and 
cooled at -20°C. To the mixture were successively added 
5 methyl 2-ethoxyimino-2- (5-amino-l,2,4-thiadiazol-3-yl)- 

acetate"(syn isomer) (13. 5 g) and pyridine (13.91 g) under 
stirring and keeping below -10°C The mixture was stirred 
for 30 minutes and poured into IN -aqueous hydrochloric 
acid (176 ml).. The organic layer was separated out, 

10 washed with a saturated aqueous solution of sodium 

'chloride, dried and evaporated under reduced pressure. 
The resulting precipitates were collected fcy filtration, 
washed with diisopropyl ether and dried to give methyl 
2-ethoxyimino-2- (5-dichlorophosphorylamino-l ,2,4- 

15 thiadiazol- 3-yl) acetate (syn isomer) (6. 93 g) . 

The crude, product was used to the following reaction 
without further purification. 

Preparation '21 

20 To a cold solution of methyl 2-ethoxyimino-2- (5- 

dichlorophosphorylamino-i;2,4-thiadia2ol-3-yl)acetate 
(syn isomer) (600 mg) in tetrahydrofuran was added 
aqueous cone. ammonia (0.48 ml) and the mixture was stiTred 
for 30 minutes under cooling in an ice -bath. The 

25 reaction mixture was evaporated, diluted with an aqueous 
solution of sodium chloride (20 ml} and extracted with 
ethyl acetate. The extract was dried and evaporated. 
The residue was triturated in a mixed-.rsolvent of tetra- 
hydrofuran and diisopropyl ether and the resulting pTe- 

30 cipitates were filtered, washed with diisopropyl ether 

to give methyl 2-ethoxyimino-2- (5-diaminophosphorylamino- 
1, 2, 4-thiadiazol-3-yl) acetate (syn isomer) (418 mg) . 
The crude product. was recrystallized from acetonitrile, 
mp- 191 to 193°C (dec.)* ' 

35 IK (Nujol) : 3200, 3130, 1755, 1S15, 1275, 1230 cm" 
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m (BMSO-d^o.o) s U21 (3H ; 

. 2.80 (3H. .). 4.22 C2H, J-7H 2 ) ' 

: '£.«!;,/• Fouad: c> 26 - 88i «• 

Preparation 27 

30 minute, at -!0 to -3^ ™' 

(390 i, and cl icl Th! US ^ drochl «" 

ont. washed with a saturated "* ^ ™ "Plated 

chloride. dx£d J* *<™°us solution of sodiml 

was «^r«^T.C 1 r'' ** 

thladxaz 0l .3-n 3 acetate isoBer) ^ 

wUhl ! ° " d t0 ^ fol ^/xeacti„ - 

without further purification. 

'Preparation- -23 

. To absolution of methyl 2^1yl«x 7 l« la o. 2 . (s . 
dxchlorophosphorylamino.l.2 f 4-thiadiazol- 3 . yl3acetate 

was stirred for 30 minutes at -11 to -10T * ,r • 
at -in to OT * 10 c » f °r 25 minutes 

« 10 to 0 C and for one hour and 40 minutes at too* 
temperature. The reaction mixture was chilled" an 

::i;r an h d :r hoiine 0174 mg) was — 

stirring, which was continued for SO minutes at room 
temperature. Water (S ml, was added to the mixture 
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The drganic layer was separated out, washed with a 
saturated aqueous solution of sodium chloride, dried 
and evaporated to dryness • The residue was subjected 
to column chromatography on silica gel (10 g). The 
elution was carried out with a mixed solvent (ethyl 
acetate/ chloroform * 2/1) « The fractions ©ontain-" 
ing the object compound were collected and evaporated 
to dryness to give methyl 2-allyloxyimino-2- [5- (ethoxy)- 
(morpholinoJphosphorylamino-l^^-thiadiazol-S-yl] acetate 

(syn isomer) (137 mg) , oil* 

IR (Nujol) : 3100, 3000/ 1750., 1530, 1390 cm" 1 

NMR (CDC1 3 , 6) : 1.37 (3H, t, J*7Hz) , 

'3.20 (4H, m), 3.67 (4H, m) , 3.96 (3H, s), 
4.18 (2H, m), 4.78 (2H, d, J»5Hz), 
S.43-S.10 (2H, m), 5.78-6.20 (1H-, m) . 

Preparation 24 

To a. solution of methyl 2-allyloxyimino-2- (5- 

dichlorophosphoryl amino -1,2, 4- thiadiazol-3'-yl) acetate 
(syn isomer) (5. 6 g) in methylene chloride (100 ml) were 
successively added pyridine (3.3 g) and a solution of 
ethanol in methylene chloTide (100 ml) under cooling at 
-35°C to -25°C and stirring. The mixture was stirred 
for 20 minutes at -20° to -10°C, for 30 minutes at S°C 
and then for two hours at room temperature, and poured 
into water (100 ml). The organic layer was separated, 
washed- with IN aqueous hydrochloric acid and a saturated 
aqueous solution of sodium chloride, dried over magnesium 
sulfate and evaporated to dryness undeT reduced pressure 
to give methyl 2-allyloxyimino-2- (5-diethoxyphosphorylamino- 
l,2,4-thiadiazol-3-yl)acetate (syn isomer) (S. 25 g) as 
yellow oil. 

IR (Film) : 3500, 3100, 3000, 2900, 2800, 1750, 
1600, 1530, 1510 csT 1 
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NMR (CDC1 3 , 6) : 1. 37 (6H, t, j. 7H x). 

I'll I™" S)t 4,22 C4H ' *3» 4.68-4.90 (2H, a), 
5.07-S.55 (2H, » ■ 5.67-6.37 (1H, m ) 

6.85-7.40 (1H, m). ' 

Preparation 25 

# The following compounds were obtained according to 
Similar manners to those of Preparation 3 and 11. 

C1 i 7 S T^ I : ethoxyiaino - 2 - (S-diaminophosphorylamino- 
l.Z^-thiadiazol-S-yDacetate (syn isomer), 
mp 194 to 197°C (dec.). 

IR (Nujbl) : 3250,. 1610, 1530, 1400, 1200 cm" 1 
NMR CDMSO-d 6+ 3) 2 0, «) : 1.20.(3H, t, J-7Hz) 
• 4-.04. C2H, q, J=7Hz.) 

(2) Sodium 2-all y ioxyimino-2-[5-(etho X y)( m0 r P holino)-' 

phos P horylamino-l, 2, 4-thiadia 2 ol-3-yl] acetate (syn 
isomer), mp 172 to 177°C. (dec!.). 

IR (Nujol) : 340.0 ..1620,. 1530, 1265, 1115 cm" 1 
NMR C DMSO-d 6 , 6) , 1.34 (3H, t, J-7H2) , 

3.17 (4H, m), 3.60 (4H, m), 4.12 (2H, m) , 
4-63 (2H, d, J0SH2),. 4.92-5.63 (2H,. m) , 
5.67-6.35 (1H„ m) 

C3 1 2 S ?tl* ^-allyioxyi.ino.z- (S-diethoxyphosphorylamino- 
l,2,4-thiadia 2 ol-3-yl)acetate ( syn isomer), 
mp 156 to 162°C. (dec.). 

IR (Nujol) : 1710, 1610, 1535, 1400 cm' 1 
NMR (DMS0-d 6+ D 2 0, «) s 1.22 (6H, t, J-7Hz), 
4.02. (4H, m), 4.55 (2H, d, J«5Hz), 
5.00-5.S0 (2H, m), 5.67-6.25 (1H, m) 

Example 17" 

To- a; mixture, of sodium 2.-ethoxyimino-2- (5- 
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diaminophosphorylamino-1 , 2 , 4-thiadiazol- 3-yl) acetate 
(syn isomer) (2.10 g) and sodium bicarbonate (1.12 g) 
in N>N- dimethyl ace t amide (21 ml) was added methane- 
sulfonyl chloride (1.03 ml) under cooling in an ice- 
bath iand stirring , which was continued for one hour . 
and 4S-rtinutes and cooled to -20°C* 
To the cold reaction mixture was added a solution of 
7- amino -3- (l-pyridiniomethyl) - 3-cepheJm-4-carboxylate 
dihydrochloTide dihydrate (2*39 g) and monotrimethylsilyl- 
acetainide (11.96 g) in methylene chloride (48 ml) at 
-18°C under stirring, which was continued foT 30 minutes 
at -18 to -12°C and for 30 minutes at -10 to 0°C. 
The reaction:* mixture was poured into diisopropyl ether 
(700 ml) and the resulting precipitates were separated 
by decant ation. The residue was dissolved in water 
(100 ml) , adjusted to pH 5.8 with IN hydrochloric .acid 
and subjected to column chromatography on a non-ionic 
adsorption resin "Diaion HP-20" (105 ml). AfteT the 
column was washed with water (500 ml) , the elution was 
carried out with- 20 %« aqueous methanol. The fractions 
containing-* the object compound were collected, evaporated 
to remove methanol and lyophilized tb give 7-[2- 
ethoxyimino-2- (5-diaminophosphorylamino-l ,2 , 4-thiadiazol- 
3-yl)acetamido] -3- (l-pyridiniomethyl) -3- cephem- 4- 
carboxylate (syn isomer) (1.11 g) , mp 123 to 132°C (dec). 
" IR* (Nujol) : 3200, 1770, 1660, 1610, 1510 cm" 1 
NMR (DMSO-d 6 +iJ 2 Q, 5) r 1.25 (3H, t, J«7Hz), 

3.12, 3.55 (2H, ABq,. J«17Hz) , 4.1*9 (2H, q, 
J-7Hz), 5.10 (1H, d, J»5Hz), 5.23, 5.67 (2H, 
ABq, J«14Hz), 5.75 (1H, d, J»5Hz) , 8.17 (2H, m) , 
8. 63 (1H, m), 9.41 (2H, d, J«7Hz). 

Example 18 

The following compounds were obtained according to 
similar* manners to those o£ aforesaid Examples. 
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i - 

I* (Hujol) : 3400. 3200, 1770, 1670 1610 mo -1 
»•«.(*, »), 3.46 C 4H, „), 3 99 f 

C2H, a). 8.50 (IH, „), 9 . 26 C2H> d / >SBx}m 

Cdec.l.. °*>a"* Csyn wooer), up iso to 1S7-C 

» CHujol) : 3200, 1775, 1660, 1630, 1320 «i 

cephe.-4-carbo^ (sy * isoner) > ^ u? ^ ™ 3 
Ut CNttjol) S 3200, 1780, 1670, M S0 . 1S 1 0 «*! 

I^CNujol) : 3400, 3200,. 1775, 1670, 1610, 1320 ^ 

C2H ABq. MB,,, 4.29 (4H, a), 4.87 f 2H. «>, 
S.10-S-.70 (4H, n), S. 77-6. 16 (IH, „ 5 33 ,„ 

8-. 59 C1H, m), g.05 (2H, jn) 
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Example 19 

To a cold aqueous IN hydrochloric acid was added 
7- [ 2 - ethoxy imino - 2- ( 5 - diaminophosphory 1 amino - 1,2,4- 
thiadia2ol.-3-yl)acetamido] -3- (l-pyridiniomethyl)-3- 
cephem-4-caTboxylate (syn isomer) (1.0 g) and the 
mixture was stirred for seven minutes in an ice-bath. 
The reaction mixture was <adj usted to pH 2 with aqueous 
sodium, bicarbonate and subjected to column chromatography 
on a non-ionic adsorption Tes in "Diaion HP- 20" (100 ml) . 
After the column was washed with water (400 ml), the 
elutibn was carried out with 10% aqueous methanol. 
The fractions containing the object compound were col- 
lected/ concentrated to about 10 ml under reduced pre- 
ssure and. poured into, acetone (100 ml). The resulting 
precipitates -were collected by filtration, washed with 
acetone and dried to- give- 7- [2-ethoxyimino-2-{5- - 
(amino) (hydroxy )"phosphoryl amino- 1, 2 ,4-thiadia2ol-3-yl)- 
acetamido] -3- (l-pyridiniomethyl)-3-cephem-4-carboxylate 
(syn isomer) (0.37 g), mp ISO to 157 C C (dec). 

IR (Nujol) : 3200,. 1775., 1660, 1630, 1520 cm* 1 
. NMR (DMSO~d 6 +D 2 0, 3) : 1.19 (3H, t, J~7Hz) , 
3.00-3.80 (2H, m), 4.12 (2H, q, J«7Hz), 
5.10-5.80 (2H, m), 5.77 (1H, d, J«5Hz), 
8.18. (2H, m) r 8.55 (2H, m) , 9.23 (2H, m) 

Example 20 

A solution of 7-[2-allyloxyimino-2-{5- (ethoxy) - 
(morpholino)phosphorylamino-l,2.,4-thiadiazol-3-yl}- 
acetamido] -3-(l-pyridiniomethyl)-3-cephem-4-carboxylate 
(syn isomer) (2.80 g) in IN aqueous hydrochloric acid 
(28 ml) was stirred for 4 hours at 40°C. The reaction 
mixture was diluted with water (70 ml) and subjected to 
column chromatography on non-ionic adsorption resin 
"Diaion HP-20" (112 ml). After the column was washed 
with water (500 ml), the elution was carried out with 
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30% aqueous methanol. The fractions containing the 
object compound were combined, concentrated to about 
f° ml .. Under reduced Pressure. The residue was poured 

5 "TE? T ^ r6SUlting Plates 
5 "ere faltered, washed with acetone and dried to give 

7-[2-al 1 ylox y i ni i n o-2-(5-0-ethylphosphonoamino.l f 2,4- 
thiadiasol-3-yl) acetaaido] T 3- (1-pyridinionethyl) -3- 

l"4-r ( L C 0^ ^» «)C1.16. g), m P 157 to 

10 IR (Nujol) : 3 200, 1780, 1670, 1630. 1S10 on" 1 

NMR (D 2 0. 6) : i. 22 C3H , t> j b7Hz)| 3 .30, 3.72 
(2H, ABq, J-19HZ), 3. 96 (2H, . ») , 5.10-6.20 
(SH-, m), 5.22 (1H, d, J-SHz), 5.93 (1H ,. d 

J " SH2 ^ 8 ' 10 C2H, m), 8.61 C1H,..*), 
15 8.97 (2H, d, J-6H2) ■ 
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What ve claim is: 

1. New cephem compounds of the formula: 
rI-NH J-CONH-p-j^ 



• OR 2 ... coo© 

wheTein R 1 ' is phosphono or protected phosphono; 

R 2 is loweT aliphatic tydTO carbon group; 

R 3 is -pyridinio or pyridiniqthio , each of which 

may have suitable substrtuent(s) / and 

Y is N or CH; . " V , : .., , ;: 
and pharmaceutically acceptable salts thereof. 

Syn' isomer of a compound of claim L, wherein 
^.NH^T^— group is R^NIL^ jj> and 

R 3 is a group of the formula: ^N^V* 
wherein X is hydrogen, . 
halogen or lower alkoxy, or . a group 

of the formula; 

' ■ .* ■ ** 

rf S-^^ R 4 wherein R 4 is lower 
alkyl, 

A compound of claim 2, wherein R 1 is phosphono, 
di (lower) alkoxyphosphoTyl, 0- lower alkylphosphono, 
m diaminophosphoryl, (amino) (hydroxy)phosphoryl or 
(lower* alkoxy) (morpholino)phosphoTyl and R 2 is lower 
alkyl or lower alkenyl, . ' 



4. A compound of claim 3, wherein ^ , . 

3 ® X 

R is a group of the formula: -*r J 



S. A compound of claim 4, wherein 
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■R is phosphono, dimethoxyphosphoryl , diethoxy- 
phosphoryl, O-ethylphosphono, diaminophosphoryl, 
(amino) (hydroxy)phosphoryl or (ethoxy) (morpholino) - 
phosphoryl, R is methyl, ethyl, propyl or allyl 
and X is hydrogen, 3-chloro or 4-methoxy. 

A compound of claim 5, which is selected from the 
compound consisting of : ' 

7-[2-ethoxyimino-2-C5-phosphonoamino-l,2.,4-thiadia2ol- 

3 .-y 1 5 a «tamido]-3-Cl-pyridiniomethyl)-3-cephem-4- 
carboxylate (syn isomer), 

7-[2-ethoxyiminO"2- C 5 -phosphono amino -1 , 2 ,4-thiadiazol- 
3-yl) acetamido] -3- (4-methoxy-l-pyridiniomethyl) -3- 
cephe'm-4-carbbxyiate (syn isomer), 

7-[2-ethoxyimino-2-(5-phosphonoamino-l,2,4-thiadiazol- 

3-yl)acetamido]-3-(3-chloTo-l-pyridiniomethyl)-3-- 

cephem-4-caTboxylate (syn isomer), 

7 - [ 2 - ally loxy imino - 2 - ( 5-phosphono amino- 1 ,2,4- 

thiadi a2 ol-3-yl)acetamido]-3-(l-pyTidiniomethyl)-3- 
cephem-4-carboxylate (syn isomer) , 

monoammonium salt of 7- [2-allyloxyimino- 2- (S- 
phosphonoamino-l,2,4-thiadiazol-3-yl)acetamido]-3- 
(l-pyTidiniomethyl)-3-cephem-4-caTboxylate (syn isomer), 
7-[2-methoxyimino-2-(2-phosphonoaminothia 2 ol-4-yl)- 
acetamido] -3- (1-pyridiniomethyl) -3-cephem-4- 
carboxylate (syn isomer), 

7- [2-propoxyimino-2- (5-phosphonoamino-l , 2 ,4-thiadi a20 l- 
3-yl) acetamido] -3"- (1-pyridiniomethyl) -3-cephem-4- 
carboxylate- (syn isomer), 

7-[2-ethoxyimino-2-(5-diaminbphosphorylamino-l,2,4- 
thiadia 2 ol-3-yl)acetamido] -3- (1-pyridiniomethyl) -3- 
cephem-4-carboxylate (syn isomer), 

7-[2-ethoxyimino-2-{5-(amino)(hydroxy)phosphorylamino- 

1, 2, 4-thiadia 2 ol-3-yl}a C etami do] -3- (1-pyridiniomethyl) - 
3-cephem-4-carboxylat:e (syn isomer), 
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7- [2-allyloxyimino-2- (S-diethoxyphosphorylamino- 

1,2, 4-thiadiazol -3-yl)acetamido] -3- (1-pyridiniomethyl) - 

3-cephem-4-carboxylate (syn isomer) , 

7- [2-allyloxyimino-2- (0-ethylphosphonoamino-l,2,4- 

thiadiazol-3-yl) acetamido] -3- (l-pyridiniomethyl)-3- 

cephem-4-carboxylate (syn isomer) and 

7- [2-allyloxyimino-2-{5- (ethoxy) (morpholino)- 

phosphorylamino-1 , 2 , 4-thiadiazol- 3 -yDacetamido] -3- 

(l-pyridiniomethyl)-3-cephem-4-caTboxylate (-syn isomeT). 



7. A compound of claim 3, wherein 

R 1 is phosphono, * 2 JrS lower, alky 1, R 3 is a gTOup of 
the formula: -St£~^ r 4 and Y is N. 



IS 8. A compound of. claim 7,. which. is 7- [ Z- ethoxy imino- 2 - 
C5-phosphonoamino-l,2.,4-1:hiadiazol-3-yl)acetamido]-3- 
(l-methyl-4-pyridiniothiomethyl)-3-cephem-4-x:arboxylate 

(syn isomer) . 

20 -9. A process for preparing new cephem compounds of the 
formula: 

25 \ ° R COO 9 

wherein R* is phosphono or protected phosphono ; 

R 2 is lover aliphatic hydrocarbon gToup; 
R 3 is pyridinia or pyridiniothio,- .each of which 
30 "may have suitable substituent (s) , and 

Y is N or CH; 
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■ ox a salt thereof, 
which comprises 

a) reacting a compound o£ the formula: 

XI 



OR 



»d Y are each as .e llne d above 
with a compound of the formula: 

wherein R 3 is as defined -above 

b) subjecting a compound of the formula: 

OR 2 , 
wherein R 3 ^ y ^ ^ ^ ^ ^ 

and. R as protected phosphono, or a salt 

thereof, to elimination reaction ^ 

" reaction of protective 
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wherein R 2 t R 3 and Y axe each as defined above and 
"R lb is.phosphono, or a salt thereof , or ; 
c) subjecting a compound of the formula: 




wherein R 2 R 3 and Y are each as defined above, 

7 • 8 
R' is amino or lower alkoxy and R is amino or 

morpholino, ot a salt thereof, to hydrolysis, 

to give a compound of the formula: 




2 3 7 ' 

wherein R R , Y and R aTe each as defined, above, 

or a salt thereof. 

A pharmaceutical antibacterial composition comprising 
a compound of- claim 1 in association with a pharma- 
ceutical^ acceptable, substantially non-toxic carrier 

or excipient.. 



Use of the compound of claim 1 or pharmaceutically 
acceptable salt thereof foT treatment of bacteTial 

infections. 
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12. A compound of the formula: 

wherein r* is phosphono or protected phosphono, 

" 1S l0Wer al ^tic hydrocarbon group and Y is 
N or CH and its reactive derivative at the carboxy 
group and a salt thereof. .> ^ 

13. A process for preparing a compound of the formula: 
N — \ 



6r 2 



cm 



vherezn R xs phosphono or protected phosphono, 
N o PhatiC hydrocarb <>n group and Y U 

0T CH ' ° T ltS " active Privative at the carboxy 
group or a salt thereof, which comprises 
a} subjecting a compound of the formula: 



dR 2 



where™ R 2 and y „ e eaci as deflMd above> ^ 

its reactive derivative at the carboxy group or 
a salt thereof, to introduction reaction of 
Phosphono or protected phosphono on amino, to 
fTive a compound of the formula (II) , or its 

ir^otr- - the — - • 

b) subjecting a compound of the formula: 



4 ■ .. 9 
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^-NH |-CO0R S 



4r j 



10 



wherein R 1 , R 2 and Y are each as defined above 
.-and R^ is an estex moiety of an esterified carboxy 
represented by a group. of the formula: -COOR 5 , to 
deesterification reaction, to give a compound of 
the formula (II) ot a salt thereof. 

14. A process for preparing a compound of the formula: 



15 



20 



25 



1 © 



,3a 



COO 



vherein R^ a is pyridinlo which may have suitable 

substituent (s) , or 

a salt thereof, which comprises 

a) reacting a compound of the formula: 



coo e 



wherein il 6 is. lower alkyl, ot a salt thereof, 
with pyridine which may have suitable substituent (s) 
or. a salt thereof, 



30 



or 



b) reacting a compound of the fonnula: 



3S 



i « » > 
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5 . • ' 

or a salt thereof, with pyridine which may have 
suitable sobst±tuent(a), or a salt thereof. 



10 



: 1.5 



20 



25 



30 
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